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I.-INTRODUCTION. 

The  work  witli  which  this  Report  deals  was  carried  out  at 
l''rcetown.  Sierra  Leone,  between  the  months  of  Auy;ust,  1914, 
and  August,  191 5.  A  few  exjjeriments,  for  which  there  were  no 
suitable  facilities  at  h'reetown,  were  performed  at  the  Lister  Insti- 
tute of  Pre\'enti\e  Medicine  during  October,  191 5,  with  material 
resulting  from  eggs  brought  home  from   \\'est  Africa. 

The  original  scheme  of  v\ork  in  connection  with  the  incidence 
of  Yellow  Fever  in  West  Africa  had  to  be  largel\-  modified  owing 
to  the  outbreak  of  War.  In  the  absence  of  clinical  and  pathological 
workers  to  c(j-oper,>te  w  ith,  the  greater  part  of  the  energies  of  the 
entomological  section  were  devoted  to  the  elucidation  of  questions 
concerning  the  bionomics  of  Ste<^oiiivia  fasciata,  the  main  endeavour 
being  to  supplement  and  substantiate  the  alreadx'  very  consider- 
able knowledge  of  the  lite  histor}'  tif  this  species,  which  we  owe 
to  Finla\-,  Goeldi.  Reed  and  Carrol,  Bo\ce,  Xewstead,  Dupree  and 
the  members  of  the  P'rench  Committee,  as  well  as  numerous  other 
workers. 

Time  did  not  permit  of  the  in\estigation  of  problems  con- 
nected with  the  i)ossibilit\'  of  a  seasonal  xariabilit}'.  For  instance, 
the  tendenc}'  of  eggs  sometimes  to  hatch  immediateh^  the\-  are 
placed  in  water,  and  at  others  to  defer  hatching  for  an  indefinite 
period  ;  or,  again,  tin-  question  of  the  [jeriod  for  which  different 
batches  of  eggs  remain  \iable,  ma\"  be  associated  with  the  season 
of  the  \'ear  in  which  the  ijarents  producing  the  eggs  are  reared,  but 
to  clear  up  these  and  similar  points  would  necessitate  the  continuance 
of  the  research  over  se\eral   seasons. 

Charts  of  the  temperature  and  humidit}'  records  in  the  varicjus 
l)laces  where  experimental  work  was  carried  out  will  be  knmd  in  tJie 
B 


section  dealing  with  the  length  of  the  adult  life  (pages  64  and  92-101). 
Owing  to  delays  in  despatch  and  transit  the  thermometers  were  not 
available  during  the  earlier  months  of  the  research.  In  order  to  give 
some  idea  of  the  conditions  during  the  months  of  August,  September, 
October  and  November,  a  summary  of  the  general  meteorological 
observations  in  Freetown  for  the  year  191 4  is  included.  The 
temperature  of  the  water  used  for  egg  hatching  and  larvs  breeding 
would   be,  unless  stated   to  the  contrary,  about  80"  F. 

It  is  with  much  pleasure  that  I  avail  myself  of  this  opportunity 
of  expressing  my  thanks  to  the  members  of  the  West  African 
Medical  Staff  for  their  kindness  in  endea\ouring  to  make  my  tour 
as  pleasant  and  effective  as  possible  ;  to  Dr.  W.  Allan  and  Dr.  J.  S. 
Pearson  and  other  friends,  for  placing  at  my  disposal  collections  of 
moscjuito  larva:  taken  in  Freetown,  and  especially  to  Dr.  G.  G. 
Butler,  who,  in  spite  of  the  exceptional  pressure  of  official  work, 
brought  me  many  collections  of  larvae  that  he  had  made  in  the 
district  surrounding  Hill  Station. 

From  the  material  collected  and  bred  at  Freetown  sets  of 
specimens  of  the  prevalent  species  of  mosquitoes  were  forwarded 
to  the  Liverpool  and  London  Schools  of  Tropical  Medicine,  and  to 
Mr.  F.  W.  Edwards,  of  the  British  Museum  of  Natural  History 
a  small  collection  of  specimens  which  it  seemed  possible  might  be 
of  service  to  the  National  Collection.  Amongst  this  latter  material 
was  a  new  species  of  Eretinopodites,  of  which  Mr.  Edwards 
is  publishing  a  description  in  the  "  Bulletin  of  Entomological 
Research,"  Vol.  VI.,   Part  4,   page  362. 

I  take  this  opportunity  of  acknowledging  my  indebtedness  to 
Mr.  Edwards'  (191 2)  "Keys  of  the  African  Culicidce  other  than 
Anopheles"  which  I  found  of  great  assistance,  and  my  thanks  are 
due  to  their  author  for  his  kindness  in  checking  and  confirming 
my  determinations. 

My  thanks  and  acknowledgments  are  also  due  to  Messrs. 
Bruce  ¥.  Cummings,  VV.  L.  Distant,  Stanley  Hirst,  G.  Meade  Waldo, 
D.  J,  Scourfield  and  H.  M.  Woodcock,  for  assistance  in  identifying 
species  dealt  with  in  this  Report. 


II. —INTRODUCTORY  NOTES  ON  THE  DISTRIBUTION  OF 
MOSQUITOES  IN  FREETOWN  SIERRA  LEONE)  AND  ITS 
VICINITY. 

Mosquitoes  are  so  far  from  being  the  omnipresent  nuisance  in 
b'reetown  that  one  is  led  to  expect  in  the  Tropics  generally,  and  on  the 
West  Coast  of  Africa  in  particular,  that  there  is  a  danger  of  being 
lured  into  a  false  sense  of  security  leading  to  the  lapse  of  all 
precautions. 

Their  apparent  absence  and  actual  rarity  are  partly  due  to  the 
natural  advantages  conferred  by  the  porous  nature  and  contour  of  the 
soil,  and  largely  to  the  efficienc}'  and  activit}-  of  the  Sanitar\- 
Department  in  the  inspection  of  compounds  and  the  destruction  of 
larvre.  The  evidence  afforded  b\-  a  mosquito  hunt  beginning  in  the 
central  area  of  the  town  and  extending  be\'ond  its  bounds  is  eloquent 
in  its  testimony  of  what  has  been  accomplished. 

In  the  outh'ing  areas  of  the  town  and  the  adjacent  villages  much 
remains  to  be  done,  especiall}"  in  the  matter  of  the  efficient  drainage 
of  surface  water. 

General  observation  and  search  for  adults  lead  to  the  conclusion 
that  Culiciomyia  nebidosa  is  the  dominant  species  within  the  central 
area,  but  if  the  larval  stages  be  included  in  the  search,  and  the  larval 
collections  made  by  the  Sanitary  Department  are  taken  into  con- 
sideration, it  soon  becomes  obvious  that  an  adult  census  is  but  a  poor 
guide  to  the  actual  facts. 

As  regards  breeding  and  general  distribution  the  species  of 
Stegouiyia,  especially  fasciata,  easih-  lead.  Any  relaxation  of  the 
Sanitar}^  Administration  in  the  matter  of  mosquito  work  would 
inevitabh'  be  accompanied  b}-  a  rapid  increase  in  the  adult  Stcgoi/irid 
population. 

It  is  even  now  an  open  question  if  adults  of  C.  iicbiilosa  are  reall}' 
more  numerous  than  those  of  S.  fasciata.  While  the  former  is  com- 
parativeh^  casual  in  its  selection  of  resting  places — any  damp  or  shaded 
wall  in  an  outbuilding  will  do,  and  its  breeding  habits  tend  to  produce 
sudden  and  very  noticeable  outbursts  of  adults — S.  fasciata  is  ex- 
ceedingly careful  and  able  in  hiding  away,  while  it  begets  larvae  with  a 
steady  persistency  in  an}-  available  breeding  place  without  a  sign  of 
an  adult  being  seen. 


The  Aiiop/ie/es  species,  Pyj-etophonis  costaiis  and  MyzoinyiafuiicstKS, 
are  much  more  restricted  in  distribution  and  breeding  grounds? 
although  the  places  affected  by  the  last-named  are  of  large  extent 
where  they  do  occur.  Larvae  of  P.  costa/is,  though  common  and 
generalh-  distributed  in  rock  and  gutter  ijools,  are  few  in  numljer 
compared  with  the  swarms  of  S.  s/{i^r/^s  larv;e  which  are  present  in 
these  situations  in  the  outlying  districts  of  the  town  (sec  Plates  8,  lo 
and  II,  pp.  12  and  13).  The}'  also  occur  not  infrecjuentl)'  within  its 
central  area,  and  are  sometimes  met  with  in  tins  and  even  in  water- 
holes  in  trees.  J/.  fiDiestus  is  restricted  in  its  breeding  places  and 
is  only  occasionallx'  present  in  isolated  rock  pools,  its  regular 
habitat  being  the  shallow  hard-bottomed  swamps  which  occur  on 
the  laterite  flats  at  the  foot  of  the  hills,  both  to  the  east  and  west 
of  Freetown  {see  Plates  13,  14  and  15,  pp.  14  and  16).  During 
the  rains  the  surface  water  flows  slowlv  out  from  the  foot 
of  the  hills  across  these  flats,  covering  wide  areas  with  water 
trickling  through  the  roots  of  the  grass  and  forming  shallow  pools 
at  frequent  intervals.  The  pools  are  often  tenanted  b}'  tadpoles,  the 
mo.squito  larvtX  being  chiefly  found  among  the  roots  of  the  gras.ses — 
the  frogs  or  toads  with  which  these  swamps  abound  being  no  doubt 
responsible  for  the  absence  of  mosquito  larvce  in  the  oi^en  pools, 
The  surface  water  cut  between  Alligator  River  and  Congo  River 
to  the  south  of  the  railway  has  benefited  the  western  end  of  the 
town  by  dr}ing  a  considerable  area  of  the  flats  and  thus  restricting 
the  possible  breeding  grounds  of  M.funestus.  On  the  east,  however, 
above  Fourah  Ba\'  and  akjiig  the  rail  to  Kissy  large  tracts  of  these 
flats  are  still  in  their  natural  condition. 

Holes  in  trees,  a  favourite  breeding  situation  with  several  species 
of  StegojHvia  and  Oc/ilerotatns,  have  received  special  attention  in  the 
past,  so  that  it  requires  careful  search  to  find  any  within  the  central 
area  of  the  town  {see  Plates  i  and  2,  page  6).  Small  rock  pools  are 
however,  only  too  plentiful  in  its  outer  areas,  and  these,  together 
with  old  and  irregularly  graded  road  side  drains,  constitute  possible 
breeding  places,  which  must  be  a  constant  source  of  anxiety  t(j 
the  sanitary  authorities,  pending  the  extension  of  the  admirabh- 
designed  newer  drainage  system  to  the  outer  districts  of  the 
town  {see  Plates  4,  5  and  8,  pp.  8,  9  and  I2).  Tins,  jars, 
bottles,  tubs,  etc.,  would  still  .seem  to  be  the  chief  strongholds 
of  S.fasciata  :  fortunately,  as  indicated  above,  the  vigilance  of  the 
compound  ins]jections  prevents  more  than  a  tithe  of  the  larv;e 
reaching  maturity. 
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Plivits. — The  axils  and  central  whorl  of  leaves  of  a  number  of 
plants  pro\"ide  breeding  accommodation  for  a  certain  number  of 
species  during  the  rains.  Of  these,  Uraiiotceuia  ornat/is  and  a  new 
species  of  Ilretiitofiodites'^  seem  to  be  restricted  to  the  water  in  these 
plant  reservoirs.  Stcgoniyia  si))ipsoni,  though  most  commonl}-  reared 
from  collections  of  larva;  taken  from  plants,  certain!}'  breeds  in  root 
holes  also,  while  a  {(^w  ubiquitous  species,  such  as  Slrgoi/iy/u 
fnsn'ntd  and   Culiciontyia  )iebitlosa,  are  occasional  tenants. 

The  breeding  of  mosquitoes  in  plants  opens  up  a  difficult 
problem,  as  two  of  the  plants,  the  banana  and  cocoa  \'am,  are 
\aluable  sources  of  food  suppl\',  while  another,  the  '"Cock  Mat" 
tree,  a  species  of  Draccrna,  is  a  ser\'iceable  and  largel}-  used  hedging 
plant.  There  are  two  species  of  this  plant  grown  in  Freetown 
and  its  \'icinity,  onl}-  one  of  which  accumulates  water  in  the  central 
whorl  and  axils  of  its  leaxes  ;  both  species  are  used  for  hedging, 
but  the  water  holder  much  more  frequentl}-  than  the  other.  Possibly 
there  may  be  some  achantage,  such  as  speed  of  growth,  but  unless 
this  is  weight}'  it  would  be  well  to  discourage  its  use  {set-  Plates  i6 
and  17,  page  i;;. 

The  feeding  tendencies  of  the  specimens  reared  from  Iar\-a;  taken 
in  these  plasits  were  tested  in  regard  to  their  willingness  to  suck 
human  blood.  The  abilities  in  this  direction  of  S.  fasciata  or 
G.  jiebiilosa  (occasionall}'  present)  need  no  comment.  S.  simpsoni 
was  found  to  be  as  insatiable  as  fasiiatn.  Eretiiiopoditcs  would 
feed  lustil}',  but  only  at  long  and  irregular  intervals.  Crafiofcrnia 
0!-iialiis,  bred  onh'  from  these  situations,  invariabh-  refusefl  to  bite  or 
feed  at  all,  although  offered   both  honey  and   s}'rup. 

*  Descrilied  hy  Mr.  F.  W.  Edwanls  in  the  ''  Bull,  of  Eiitoui.  Researcli  "  umler  the  name 
draro'iite. 


MOSOUITO     BRRE1)IN(;     IM)()LS. 


Plate  No.   I. 
Roots  of  ;i   Cottonwood   tree. 


'I'ower   Hil 


Plate  No.  1. 
W'.'Ucrliole    in    the  root.s    of  the    same    tree.       Lar\';e    of    Ste^'onivin    fuseiata.,    .S'. 
siiiipsoni^  .S.  Iiiieocephala.,  OcJiIerotatiis  miitiiiux.  i^iipicihiniuilatnf:,  Culicioinyia 
ncluilosa  and  Anopheles  cosialis  were  taken  tVoni   tliis  pool. 


LISr     OF     MOSQUITOES     IDENTIFIED     FROM     VARIOUS 
LOCALITIES,    MOSTLY    BRED    FROM    LARV/E. 

Central  Area  of  Towx. 

Tower  Hill. 

Larvje  from  water  holes   in  cottonwood  tree  {see  Plates  Nos    i    -  and   - 
pp.  6  and  8) :—  •     .  -  o> 

Attopheles  {Pyretophorus)  costnlis.  V\\ two  specimens. 

Stegomyfa  fasciala,  F in  numbers. 

simpsom,  Theo.  ...  in  numbers. 

,,         luteocephala,  Newst in  numbers. 

Ochlerotatiis  apicoa)uiulatiis,YA\s.  ...  ...  in  numbers. 

,,  mitiutus,^\\Qo.       ...  a  few. 

Ciiliciomyia  nelmlosa,  Theo.         ...  ...  ...  a  few. 

0//^.v  rt'^.v^^e,  Theo in    numbers    during 

Xovemt)er. 
Larvffi  from  rock  pools  {see  Plates  Nos.  4,  5  and  6,  pp.  8  and  9)  :  — 

Stegomyia  si/gefis,\\'\Qd ...  swarms. 

,,         fasciata,  F,       ...  ...  ...  ...  several. 

lu/eocep//ala,  y^ewsi one  specimen. 

Compound  at  Cohtiial  Hospital. 

Larvai  in  old  tins  and  broken  bottles  :  — 

Stegomyia  fasciata,  F numbers. 

Culiciomyia  nebulosa,  'i'heo.         ...  numbers! 

Yard,  26,  IVestmorela/id  Street. 

Larvcie  in  tins,  bowls,  etc.  : — 

Stegomyia  fasciata,  Y numbers 

Culiciomyia  nebulosa,  Theo ...   two  or  three  broods. 

■t.retmopodites  quuiguevittatus,  Thito several. 

Gloucester  Road. 
Surface  water  drain  : — • 

Anopheles  {Pyretophor us)  costalis,\.^s one  specimen. 

Circular  Road. 
Surface  water  drain  : — 

Anopheles  {Pyretophorus)costalis,\ AS one  specim-n. 


MOSQUITO    BREEDING    POOLS. 


The  root  hole  in 


Phdc  Xo.  3. 
Cottonwood  tree  tilled 


with  cement. 


Plate  No.  4. 
Rock  Pool  which  contained  larvfe  of  Siegoniyia  stigois. 
The  white  streak  is  a  foot  rule. 


Tower  Hill. 


MOSOUITO     liRKKDlNG     POOLS. 


Plate  No.  5. 
Rock    ]'ool    which     contained     larv;r    of    Stci^-oiiiviit     s//i;y/L\;     S.  /(rsi'/ir/ir,     and 
S.   lufeocepluila.     Tower   I! ill. 


Plate  Xfl.  r,. 
Tlie  same   pool   rilled  with  cement. 
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Collections  of  Larva:  received  from  various  Houses  and  Compounds 

IN    THE    central    AREA    OF    THE    ToWN,    INCLUDING    THE    RePT    HoUSE     AND 

Nursing  Home. 


Stegomyia  fasciata ,  F. 
Culex  ttgripes,  Grp. 
Culiciomyia  nebulosa,  Theo. 


numerous, 
two  or  three, 
numerous. 


Campbell  Street. 
A  tin  from  a  compound  : — 

Megarhinus  {Toxorhynchites)  brevipalpis,  Theo.       one  specimen. 
Ochlerotaius  apicoa7ifiulaius,^6.\\.  ...  ...   several  specimens. 

Skgomyia  frazeri,EA\\ one  specimen. 

Post  hole  tiear  Saunders  Brook. 
Siegomyia  stigetis,  W'led. numbers. 


Hiii  Station. 
Rock  pools  : — 

Anophelts  {Alyzomyia)  funestus,  Giles 
Stego??iyia  stigens,  Wied.  ... 
Ochlerotatus  minutus,  Theo. 
„  sifmilans,  Cart. 

Water  hole  in  a  tree  : — 

Stegofnyia  frazeri,  Edw.  ... 
Ochlerotatus  minutus.  Theo. 


two  or  three. 

numbers. 

swarms. 

one  specimen. 


one  specmien. 
numbers. 


Lumley  Road. 

Bolt  holes  in  cement  foundation  of  .sand  elevator 

Stegomyia  sugens,  Wied.  ... 
Culiciomyia  nebulosa,  Theo. 

Wilberforce. 

Old  bottle,  wayside  ditch  : — 

Stegomyia  fasciata,  F. 

Old  tins,  rubbish  heap  : — 

Ochlerotatus  mifiutus,'\^\\to. 
Eretmopodites  guinquevittatus,  Theo. 

,,  chrysogaster.,  Grah. 

,,  ifwrnatus,  Newst.... 


numbers, 
numbers. 


numbers. 


numbers. 

several. 

a  few. 

one  specimen. 


Rock  pools  on  wayside  boulders  {see  Plate  No.  7,  page  11)  :• — 

Anopheles  (pyretophorus)  costalis,  Lw.    .  .  ...   one  or  two. 

Stegomyia  sugens,  Wied    ...          ...          ...  ...   numbers. 

,,         luteocephal/is,  Newt.     ...          ...  ...  a  few. 


T  I 


ROCK     ]'(i()I.     X]-:aK     WIIJIERKORCE    STATIOX. 


I'latc  So.  ~. 
A  breeding  hole  on  a  boulder  on  Wilberforce   Hill;  larv;e  of  Sicgouivia  siigens., 
S.  hitcoicpJiala  and  Anofi/ieles  los/ah's  were  taken  here.       The  white  streak 
is  a  foot  rule  measure  showiniJ:   the  small  size  of  the  hole. 


Mm- ray  Toivii 

Road  side  rot;k  pools  : — 

Atwpheles  (pyret/iphoriis )  costalis,  Lw. 
Stegomyia  sugens,  ^Vied.  ... 
,,        fasciata,  F. 


several, 
numbers. 

numbers. 


C/i>ie  Town. 

Small  tank  in  a  compound  : — 

Anophtles  (pyretophorus )  cos. talis.  Lw. 

Ciilex  tigripes,  Grp. 

Ochitiotatus  apicoaniiula/us^  Edw. 


several, 
one  or  two. 
a  few. 
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MOSQUITO   ]5rep:ding   pool. 


Tools  of  water  in  Ijcd  of  surface  water  clrainayc  channel  near  Kiss)'  Moad 
Cenieter\-  ;  contained  ]ar\-it  of  Sf6'g-oi/iyia  si/gc-Jis  and  Anoplich's  costalis  in 
May.      In  July  this  channel  was  the  bed  of  a  torrential  brook. 

BREEDiNc,   (;rol:xi)   ok   anoi'HF.lks  mosquitoes. 


I^Iate  No.  g. 
Swani)jy  flats  between    Kissy  Road  and   Fourali    i>a\-.     Suitable  jjreedini;  i^roiuid 
f(jr  Aiwpliclcs  mostjuitoes.      W'ashini^'  in   |)ro;^ress  in  the  distance. 


BREEDING    GROTXHS  oF  ANi^rHFJ.ES    M()S(^)rri()i:s. 


PI  ah'  No.   lo. 
Rt)ck    Pools  oil  ihese  flats  :    Anoplielcs    costal  is    and    Stcs^oinyia    sitgeiis    were 
breedint;'  here. 


Plate  No.   II. 
Another  viuw  of  the  rock  pools  on  the  flats  between  Kissy  Road  and  Fourah  Uay. 


BREEDING    GROUNDS    OF    ANOPHELES    MOSOUITOES. 


Plate  Xo.    12. 
Details  of  the  rock  pools  shown   in   Plate   lo.       Containetl 
siigcns   and  A/iop/iehs  iosfa/is. 


Iar\;i-    of   S/t'i'0!)iyia 


Pldic  No.    13. 
\'ie\\  of  Kissy  flats,  near  the   Station.     Breeding   -rounds  of  Anopheles  fiinestiis 
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Kissy  Road. 

Rock    pools    in    wayside    gutter    near    the    cemeterv    (see    Plate    Xo.    8, 
page  12):— 

Anopheles  (Pyretophoriis)  costalis.,  \.\\.  ...  ...   several. 

Stegomyia  sugens,\\"\^^ numbers. 

Flats  between  Kissy  Road  and  Fourah  Bay  {see  Plates  Nos.  9,  10,  11  and 
12,  pp    12-14)  :~ 


Rock  pools  in  shallow  running  swamp; — 
Anopheles  ( Pyretophorus)  cos  talis,  Lw.  ... 
and  probably  Myzomyia  funestus,  Giles 
Stegomyia  sugens,  Wied.  ... 

/iissy. 
Rock  pools  in  swampy  lane  : — 

Anopheles  f  Pyretophorus)  rosta/is,  Lw.  ... 
Stegomyia  sugens,  Wied.  ... 

Pools  in  gutter  by  side  of  railway  track  : — 

Anopheles  (Pyretophorus)  costalis,  Lw.  ... 
Stegomyia  sugens,  Wied.  ... 


numbers. 

larvje  not  reared. 

swarms. 


numbers, 
swarms. 


numbers, 
swarms. 


Shallow  hard  bottomed  running  swamps  {see  Plates  Nos.  13,  14  and  15, 
pp.  14  and  16)  : — 

Anopheles  ( Alyzomyia)  funestus,  GWes.  ...          ...  larvae  captured     in 

twos  and     threes 

over  large  areas. 

The    following    species    were    reared    from    larv/e  taken  from 
plants  in  different  parts  of  freetown  :  — 


Cocoa    Yam. 


Stegomyia  simpsoni,  Theo. 

„        fasdata,  F. 
Culiciomyia  nebulosa,  Theo. 


Uranotcenia  ornata,  Theo. 
Eretmopodites  draccente,  Edw. 


common. 

a  few. 

occasionally.     When 

present,  usually  in 

numbers, 
common, 
a  few. 


"  Cock  Hat''   Tree  {see  Plates  Nos.  16  and  17,  page  17)  : — 
All  the  above  species  with  the  exception  of  S.  fasciata. 

Eretmopodites  draccence,  Edw.      ...  ...  ...  very  common. 

Banana. 

Stegomyia  simpsoni,  Theo.  ...  ...  ...  not  numerous. 

Sarsaparilla. 
Stegomyia  fasciata,  F. 


Eretmopodites  draccence,  Edw, 


...   in  numbers. 
. ..  a  few. 
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nKEKDlNC     CKOIXDS    OF    ANOPHELES    MOSQUITOES. 


Plate  No.  14. 
AiKJther  \ie\v  ;     Kissy   \'illage   in   llic  distance. 


'^H^ikm'.mm' 


riaic  No:   15. 
J'ljuls  m  the  tiicklin;^  swamps  at   Kissy   Flats. 


A  I'LAXT  WHICH  AFFORDS  BREEDING  PLACES  FOR  MOSQUITOES. 


i^3e__ 


Plate  No.   1 6. 
"  Cock  Hat  "  Trees  ;     a  species  of  DraccEiia.         The  species  in  the  foreground 
collects   water  in   the    central    whorl    and    axils    of    the    leaves.     The    stiffer 
leaved  variety  in  the  background  holds  no  water. 


riaic  No.   17. 
Cock   Hat  ■'  Tree.     Affords  breeding  place  for  Stegoniyia  sivipsoni.  Uranotcenia 
ornatus  and  Eretiiiopodites    dracceiicc.       Stegonyia  fasciuta    and    CnUcio7nyia 
nebiilosa  are  also  occasional  Ijreeders  in  this  and  other  plants. 
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III.— BIONOMICS  OF  S.  FASCIATA. 

(A)  EGGS. 

General  Notes. 

The  eggs  of  Stegoinyia  fasciata  are  small  black  spindle-shaped 
objects,  which,  as  has  been  so  frequently  pointed  out,  are  laid  singly. 
They  vary  very  considerably  in  size  and  shape,  so  that  it  is  possible 
to  pick  out  examples  which  in  form  and  size  closely  approximate  to 
the  eggs  of  S.  sugens,  S.  simpsoni  or  S.  luteocepJiala^  all  of  which 
differ  from  each  other  and,  so  far  as  the  limited  number  of  <-ggs  of 
these  species  obtained  is  concerned,  do  not  vary  greatly  individually 
in  either  size  or  outline.  A  noticeable  feature  of  typical  eggs  of 
S.  fasciata  is  that  in  one  of  their  aspects  they  are  slightly  asymetrical, 
bow-shaped   in  outline,  one  side  being  flatter  than  the  other. 


Fig.  I. 


Outlines  of  the  eggs  of  ^.  simpsoni^  S.  sugens,  and  S.  biteocephala,  showing 
the  difference  in  shape  and  size  between  the  eggs  of  these  species,  and  an 
average  egg  of  S.  fasciata.  The  dotted  outline  is  that  of  the  egg  of 
.S'.  fasciata. 


Size. — The  measurements  of  the  normal  eggs  of  vS.  fasciata  are 
about  '630  to  •650  mm.  in  length  and  •160  mm.  at  the  greatest 
diameter.  Small  eggs,  frequently  of  stumpy  form,  are  sometimes 
laid  of  scarcely  more  than  two-thirds  the  normal  size,  while  large 
eggs,  measuring  up  to  "8  or  '9  mm.  long  and  proportionately  thick,  are 
occasionally  to  be  found.  The  diminutive  eggs  are  generally,  though 
not  always,  laid  in  batches  by  females  all  of  whose  eggs  are  small, 
and    they    frequently    either    do    not    hatch    at    all    or    show   a  high 
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percentage  of  infertilit}'.  The  giant  eggs,  on  the  other  hand,  are 
never  laid  in  batclies,  but  occur  in  twos  and  threes  among  eggs  of 
more  normal  size  and  usually  hatch.  Pale,  colourless,  presumably 
immature  eggs  are  occasionally  found  in  batches  of  eggs  which  are 
of  the  normal  colouration — these  appear  to  be  invariably  infertile. 
Normally,  however,  all  the  eggs  laid  are  either  already  dark  when 
deposited  or  darken  with  great  rapidity.  The  egg  masses  within 
the  ovaries  of  the  mosquitoes  are  usually  colourless,  but  in  many 
instances  the  ovaries  of  dissected  mosquitoes  were  found  to  be 
already  pigmented,  usually  of  a  bright  brown.  In  England  the 
number  of  white  eggs  seen  after  deposition  suggests  either  that  eggs 
were  laid  when  less  matured,  or  that  the  development  of  pigmenta- 
tion is  in  some  cases  much  less  rapid,  possibK'  owing  to  the  lower 
temperature. 

S?n-facr  Siiilptiiring. — The  surface  of  the  egg  is  covered  with  a 
delicate  cellular  reticulation  formed  by  thin  walls  of  chitin.  From 
the  centre  of  each  cell  space  over  the  greater  portion  of  the  area  arise 
hemispherical  bosses.  At  the  blunt  end  the  cellular  reticulation 
is  produced  to  form  a  low  wall  surrounding  the  microp}'lar  area  of 
the  &%^. 

The  Bosses. — The  bosses  within  the  cell  walls  are  not  merel}^ 
structural  irregularities  of  the  ^^^  wall,  but  are  definite  masses  of 
a  stainable  substance,  probably  of  a  colloidial  nature.  Sections 
of  the  eggs  within  the  ovary  show  that  these  bosses  are  apparentl}' 
formed  in  pockets  of  a  delicate  inner  membrane  which  enshrouds 
the  Q.^%. 

The  purpose  of  the  structural  features  of  the  eggs  of  Stegomyia 
is  usually  assumed  to  be  connected  with  the  floating  of  the  eggs, 
which  are  heavier  than  water  and  sink  once  they  are  freed  from  the 
surface  film  of  water.  In  view,  however,  of  the  fact  that  surface 
structure  of  the  shell  alone  would  be  quite  sufficient,  as  in  the  case 
of  other  insect  structures,  to  meet  all  the  requirements  connected 
with  adjustment  to  the  surface  film,  it  seems  not  improbable  that 
the  bosses  ma\-  serve  an  entirel}-  different  purpose  to  the  cellular 
reticulation  with  which  they  are  associated.  This  purpose  may 
possibly  be  connected  with  the  insulation  of  the  egg  from  heated 
surfaces  on  which  it  rests,  or,  as  seems  more  probable,  with  the 
ability  of  the  eggs  to  resist  desiccation. 

In   this  connection   it   may  be    noticed    that   shrunken  eggs,  the 
sides    of    which    are    collapsing,    often    contain     living    larvae,    and, 
further,  that  such  eggs  will  regain  their  full  rotundity  when  placed  in 
c* 
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water,  while  after  regaining  their  original  shape  they  may  still  defer 
hatching  to  a  later  period.  The  suggestion  is  that  by  means  of 
these  bosses  the  egg  is  enabled  to  absorb  moisture  if  wetted  by 
rain  or  dew. 

Situation  where  eggs  are  laid. — The  eggs  of  Stegornyin  are  generally 
stated  to  be  laid  on  the  surface  of  the  water.  This  may  very  possibly 
be  accurate  in  the  strict  sense  of  the  word,  in  that  there  is  always  a 
film  of  water  present  on  which  the  egg  is  laid.  Certainly  no  instance 
of  an  izgg  being  laid  on  a  dry  surface  has  occurred  with  the  thousands 
laid  by  captive  females  in  the  course  of  this  research,  and  very  few 
were  ever  laid  in  receptacles  containing  honey  or  syrup  for  the  adults, 
even  when  there  was  no  other  liquid  available  for  oviposition.  As  a 
general  statement,  however,  it  is  misleading  to  say  that  the  eggs  are 
deposited  on  the  surface  of  the  water,  as  in  the  great  majority  of 
cases  they  are  to  be  found  on  the  wet  margins  of  the  receptacle 
containing  the  water,  or  of  some  partially  submerged  object,  such  as 
a  leaf  or  twig.  These  situations  suggest  that  they  are  either 
deposited  on  the  margin  itself— in  some  instances  there  was  definite 
proof  that  such  was  the  case — or  on  the  water  in  such  close  proximity 
to  the  margin  that  capillary  action  on  an  evaporating  surface 
inevitably  strands  the  greater  proportion  of  them. 

The  general  position  during  oviposition  would  seem  to  be  for  the 
female  to  rest  on  the  margin  with  her  back  to  the  water.  In  certain 
instances,  however,  the  eggs  are  widely  scattered  over  the  water 
surface  suggesting  that  they  are  deposited  while  the  female  walks  on 
the  water.  All  the  evidence  from  the  laying  of  eggs  on  wet  filter 
paper  points  to  the  fact  that  they  are  deposited  while  she  rambles 
about.  It  may  be  mentioned  while  dealing  with  this  point  that  the 
eggs  appear  to  hatch  equally  well  whether  resting  at  the  bottom, 
floating,  or  attached  to  the  margin  beneath  the  surfare.  Only  a 
single  instance  of  a  female  laying  her  eggs  in  a  cluster  on  the  surface 
of  M'ater  was  observed.  In  this  case  the  female  had  thrust  one  or 
more  of  her  legs  through  the  surface  film  and  was  found  lying  on  her 
side  in  a  bogged  condition  alongside  her  eggs.  The  laying  of  eggs 
in  clusters  would  seem  to  be  of  rare  occurrence. 

A  few  eggs,  presumably  only  a  small  proportion  of  those  laid  on 
the  water  surface  at  its  margin,  sink  at  once.  Others  that  have 
been  laid  or  stranded  on  the  steep  or  vertical  sides  of  breeding  pans 
are  washed  down,  some  sinking,  while  the  remainder  are  restranded. 

No  doubt  under  natural  conditions,  where  the  range  of  circum- 
stances is  less  restricted,  the  figures   may  be  less  one  sided,  but  with 
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PHOTOGRAPHS  OP^  EGGS  OF  STEGOMYIA  FASCIATA. 


Photo  hy  }■'.   Xcad  i^larl;.^ 

Plate  No.  1 8. 
Eggs  of  Stegomyia  fascia/a.,  laid  on  leaf  of  Cottonwood  tree.  x  20. 
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I'hoio  hy  F.  Xoad  Clark.^ 

Plate  No.   19. 
Egg  of  Stegomyia  fasciata,  laid  on  leaf  of  Cottonwood  tree. 
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the  methods  adopted  for  rearing  in  this  research  by  far  the  larger 
proportion  of  the  eggs  deposited  were  either  laid,  or  stranded  b}' 
capillary  action,  on  the  filter  paper  covering  sides  of  the  breeding  pans 
above  water  level,  at  an  estimate  quite  90  to  95  per  cent.  Even  with 
such  badly  adapted  margins  for  stranding  as  tins  would  appear  to 
afford,  rust  and  dirt  quickly  produce  an  absorbent  surface  v/hich  acts 
almost  as  well  as  filter  paper  for  the  attachment  or  stranding  of  eggs. 

Distribution  after  laying. — Eggs  laid  in  the  hollows  formed  in  the 
beds  of  small  streams,  ditches,  runlets,  or  guttering  will  tend  to  be 
washed  downwards  with  each  successive  shower  of  rain  and  collect  in 
the  larger  and  more  permanent  pools,  cisterns  or  water  butts,  as  the 
case  may  be,  as  the  attachment  of  the  eggs  is  precarious  in  the 
absence  of  any  other  cement  than  that  afforded  by  water  scum,  which, 
though  firm  enough  during  dry  weather,  is  easily  soluble  in  rain 
water.  Eggs  laid  in  sheltered  water  holes,  in  tree  trunks,  rock  pools 
or  tins  are  less  liable  to  be  distributed,  but  even  in  these  cases  a 
certain  number  will  be  laid  on  fallen  leaves,  some  of  which  ma\-  be 
scattered  during  dry  periods.  With  undisturbed  eggs  the  gradual 
rise  of  water  level  during  the  onset  of  rain  affords  ideal  conditions  to 
induce  hatching  by  gradually  wetting  and  then  immersing  them  in 
cool  water,  while  at  the  same  time  the  number  of  larvae  hatching  tends 
to  be  automatically  adjusted  to  the  quantity  of  water. 

Hatching. — The  &g'g  shell  is  ruptured  by  a  clean  transverse  break 
at  about  a  quarter  of  its  length  from  the  blunt  micropylar  end. 
Sometimes  the  cap  falls  completely  off,  but  more  frequently  it  is  left 
slightly  attached  to  or  lying  against  the  shell  like  a  hinged  lid.  As 
the  level  of  this  clean  cut  corresponds  with  the  position  of  the  o^g^ 
breaker,  or  more  properly  cutter,  on  the  head  of  the  larva,  there  can 
be  little  doubt  as  to  the  origin  of  the  rupture  in  the  shell  which  allows 
the  lar\a  to  emerge.  There  are,  however,  some  minor  points  con- 
nected with  hatching  which  would  seem  to  suggest  automatic  action 
on  the  part  of  the  Q<gg  case  and  its  contents  apart  from  voluntary 
movement  of  the  larva  at  the  moment  of  its  emergence. 

In  a  number  of  cases  eggs  which  had  undergone  long  periods  of 
dry  storage,  or  had  been  submitted  after  long  resistance  of  other 
methods  to  cooling,  hatched,  but  yielded  larvae  so  feeble  that  they 
speedily  died. 

Eggs  hatched  under  the  influence  of  salt  water  show  a  considerable 
proportion  which  uncap  although  the   larVcX  do  not   emerge*.     Again 


*  This  also  occurred  to  eggs  that  had  been  exposed  to  Formaline  vapour  for  24  hours. 
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there  is  the  existence  of  what  may  be  termed  a  time  zone  system  in 
the  hatching  of  resistant  eggs.  They  do  not  respond  to  the  repetition 
of  J-//;////// at  short  intervals  in  the  same  marked  manner  that  they 
show  if  the  repetition  occurs  after  a  considerable  lapse  of  time.  And 
further,  as  will  be  shown  later  in  Experiment  No.  XVIII.,  there  is 
evidence  that  the  latent  tendency  to  defer  hatching,  which  is  probably 
hereditary,  may  be  considerably  influenced  b}'  external  conditions 
after  incubation. 

In  the  light  of  these  considerations  it  seems  possible  that  the 
larva;,  which  appear  to  be  fulh^  developed  within  40  hours  of  the 
laying  of  the  egg*,  differentiate  as  regards  the  period  when  they 
perform  the  operation  of  incising  the  shell,  those  that  have  already 
performed  this  operation  being  ready  to  respond  to  external  stimuli 
at  once,  while  the  others  must  delay  until  the  necessary  action  is  per- 
formed or  defer  indefinite!)-  because  the  conditions  have  ceased  to 
stimulate  before  the  operation  is  completed. 

It  seems  questionable  to  what  extent  volitional  action  on  the  part 
ot  the  larva  is  responsible  for  the  final  uncapping  of  the  Qgg.  Some- 
times the  lar\a  emerges  with  a  "  Jack-in-the-box  "-like  celerity, 
at  others  it  will  remain  quiescent  for  a  minute  or  so  and  then  quickly 
and  easily  get  free,  or  it  may  feebly  and  slowly  struggle  out. 

Experimental  Rvideiiee  Relating  to  the  Hatchitig  of  Eggs. 

The  experimental  evidence  concerning  the  hatching  of  eggs  is  to 
a  considerable  degree  bound  up  with  questions  of  egg  laying  and 
fertility,  which  belong  rather  to  the  section  dealing  with  adults.  This 
is  especialh-  the  case  with  the  two  preliminar}-  Experiments,  Nos,  I. 
and  II  ,  which  are  included  in  this  section,  as  they  preface  the  whole 
of  the  experimental  work  dealing  with  hatching  as  well  as  that 
concerning  egg  production  and  fertilization  :  the  chief  value  of  these 
provisional  experiments  being  in  regard  to  the  questions  raised  during 
their  progress  and  the  basis  thus  afforded  for  planning  better  con- 
trolled tests. 

*  In  Freetown  at  a  temperature  of  So°  F. 
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Experiinetit  No.  III. 

HATCHING    OF    EGGS    LAID    BY    A    WILD    FEMALE 
OF   STEGOMYIA   FASCIATA. 

A  living  female  was  found  "  bogged  "  on  the  surface  of  the  water  contained 
in  a  biscuit  tin  (at  26,  Westmoreland  Street).  Her  feet  had  broken  through 
the  surface  film,  and  in  this  trapped  position  she  had  laid  a  batch  of  59  eggs. 
In  the  light  of  later  experience,  the  position  in  which  the  eggs  were  laid  and 
their  arrangement  was  most  unusual ;  at  the  time  it  was  thought  that  this  was 
a  normal  instance  of  egg  laying.  The  eggs  were  taken  up  on  a  slip  of  filter 
paper  and  a  camera  drawing  of  the  arrangement  of  the  eggs  as  laid  was 
prepared.  The  batch  was  carefully  submerged  in  a  glass  dish  containing 
200  c.c.  of  lap  water. 


Fig.  2. 


Number 

OF   EGGS. 

Date  of 

hatching. 

Date  of  laying. 

September. 

October. 

27 

28 

5 

12 

24lh  September 

59 

35 

3 

17 

3 

Remarks  and  Notes. 

The  block  figures  indicate  that  hatching  followed  after  a  break  in  the 
continuity  of  the  conditions. 

On  the  4th  October  the  pan  was  refilled  with  fresh  water,  and  on  the  12th 
the  eggs  were  lifted  from  the  water  for  a  space  of  four  hours  and  allowed  to 
dry  ;  they  were  then  re-immersed  in  the  same  water. 

One  egg  remained  unhatched ;  this  was  taken  from  the  water  on  the 
17th  October,  dried  and  then  returned  to  the  water.  This  was  repeated  on 
the  23rd  October,  and  again  for  the  fourth  time  a  few  days  later.    As  the  egg 
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■nities  of  feedina;  on  human  blood  were  afforded  each  night. 


:ins  than  the  others  and  equal  in  size. 


jeen  made  in  this  situation  it  is  probable  that  this  batch 


ipsed  on  drying. 

but  one  collapsed,  this  egg  was  opened  and  found  to  contain  a  larva. 

ley  were  kept  in  water  and  collapsed  when  dried. 

;h  October. 

pt  in  water  and  collapsed  when  dried. 

he  same  day  is  very  unusual. 

ih  October. 

ilapsed  ;  this  egg  was  returned  to  the  water  and  hatched  on  the  following 


October, 
th  October. 


led  eggs  except  three  collapsed.     These  three  were  returned  to  the  water 

ed  on  9th  November  and  immersed  on  January  I5lh,  and  failed  to  hatch, 

ipsed. 

i  1 6th  October. 

•  i8th  October. 

rying  on  the  23rd  Octoljcr. 

)er. 

did  not  ciillapse  they  were  stored  on  the  9th  November,  1914,  but  were 

eggs  Init   one   collapsed,  this  egg  resisted  altogether  five  dryings  and 
the  9th  November  until  the  30th  December,  when  it  was  found  to  have 


Itched  eggs  which  did  not  collapse.     None  of  these  hatched  on  the  third 
1  on  the  9th  November,  1914,  but  were  dead  when  opened  in  May. 


3r  three  weeks,  they  were  then  dried  ;  all  collapsed. 


e  hatching  on  the  19th  and  35  on  the  22nd  October,  was 
he  1 8th  and  21st  October  respectively.  In  this  instance 
lell  within   10  minutes  of  their  being  placed  in  water. 

20  larvae  that  emerged  on  the  24th  and  i  on  the 
of  this  batch  on  the  23rd,  and  its  re-immersion  on  the 
re  out  within   10  miniites  of  the  eggs  being  returned  to 


Experiment  No.  I. 
PRELIMINARY  EXPERIMENT  REGARDING  THE  LAVING  AND  HATCHING  OF  THE  EGGS  OF  STEGOMYIA  FASdA'lA. 


1914,    Other  males  wer 
ntaining  the  mosquitoi 


■  placed  V 


Two  females  and  several  males  used.  ^        .  c     . 

The  first  female  emerged  aolh  August,  1914  ■-  the  second  on  the  ist  Seplen 

The  first  male  emerged  30th  August,  1914  ;  the  second  on  the  4th  September, 
Tlie  eggs  were  collected  each  day  from  the  wet  filter  paper  on  which  the  glass  jar  c 
All  the  eggs  were  submerged  in  water,  none  were  allowed  to  remain  floating. 
Batches  i  to  9  were  kept  in  separate  glass  dishes  of  various  sii-es,  except  the  three  laid  ■ 
BtHchei  10  to  13  separated  from  each  other  in  small  glass  dishes  were  all  submerged  in 
Batches  1 5  to  ao  separated  from  each  other  in  small  glass  dishes  were  all  submerged  in 
Batches  ai  to  30  kept  in  separate  dishes. 
iBatch  No    14      These  250  eggs,  put  down  under  date  of  the  ziiid  September,  were  collected  from  the  rim  of  the  jar. 

represented  an  accumulation  covering  several  days.     This  situation  was  subsequently  searched  each  day. 


I2lh,  13th  and  r4th  September  {No. 
le  la;ge  pan. 
second  large  pan. 


D  died.    Opportuiiitiijs  of  feeding;  on  human  blood  were  afforded  e 
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•■.    All  ^              1    !                                                              v' m  walerandcolli.v«Vl''wLi.lrk-.l. 
■    !                                                                                        :  1  oillapsedwhcn.lricd. 

■■'  '5.  'n..'- '.'....  n.|'-  ""i..i''i..ol""!„M'l,'',6ihOclobcr. 

■  '^   ;i'"- ' ;'     ■11 '1  -  1  "l■^-n'l.le(i  on  ihciSth  October. 

'"    As  ih.  r..  II  iiniT.'  ,  ,;^.  i,,i,.,i  (,,  hiiiclr  and  ilirl  not  collapse  Lhey  WL-reslorcd  on  llie  91I1  Novcmbei',  1914,  lint  were 

j.i    \i\t!  III..-  ii>ir>{  .liiin-  nil  ilif  iinhnlclicd  cers  but  one  collnpsc',  ihls  eei'  rcsisicil  nltogelhei  five  drviiigi  mnl 
fL-ininiuisions  ;  ii  im.,  siored  dry  from  ihc  Qth  November  until  ihe  30II1  December,  when  it  was  found  to  linvu 
collained. 

1      12.  After  tilt  second  drying  rhetc  were  17  unhftiehcl  eggs  which  did  not  eollai.bc.     None  of  these  hatched  on  the  ibltd 
immersion  ;  ibcy  were  drletl  and  storcg  in  the^h  November,  1914,  b'li  »eic  dcnd  when  opened  in  May. 

Ii 

Where  the  figures  showing  the  number  of  eggs  hatching  art 
as  an  indication  that  the  continuity  of  the  conditions  bad  bi;en  1 

In  the  case  of  Batch  Na.  7.  the  eggs  were  shifted  on  the  1; 
pan  filled  with  fresh  water.  On  the  i8th  September  the  pans  ci 
and  6  to  10  were  re-filled  with  fresh  water.  The  3  larva:  that 
on  2ind  October  did  so  within   15   minutes  of  iheir  re-immersioi 


September  from  a  small  to  a  larger 
ning  eggs  of  Batches  Not  1  to  $ 
led  from   eggs   of  Batch   No.   ij 

"ater  after  :i  second  drying  ;  the 


The  response  of  Batch  No.  20,  with  8  larvie  hatching  on  the  19th  and  35  on  the  aand  October, 
apparently  due  to  drying  and  re-immersion  on  the   i8tb  and  sist  October  respectively.     In  this  insta 
also  most  of  the  larv.-c  were  free  from  the  eggshell  within   10  minutes  nf  their  being  placed  in  watc 
'""    ■---'"  '    ■  larva:   that   emerget' 

is  batch  on  the  2v   . 

!  of  the  C'^gs  being  returned  I 


NLY  ONE  FEMALE  WAS  USED. 

fiiber. 

flays). 


bnditions  in  regard  to  quantity  and  temperature  of  water. 


Remarks  and  Notes. 

i :      ' 

I  October  without  any  apparent  efilect. 

royeil  after  reniDval  from  the  pan  on  17th  October. 

r. 

,th,  10  hatched  in  10  minutes,  i  hiter  in  the  day,  i  the  next  day.   Of  the  two 

5  third  drying,  while  the  other,  after  resisting  five  dryings  and  re-immersions, 

-)  1 6th  December.     It  was  then  immersed  and  hatched  within  30  minutes. 

It. 

2lst.     Tlie  balance  dried  for  the  second  time  on  the  23rd,  and  for  the  third 

lape  unaltered  after  the  third  drying.     When  re-immersed  on  1st  November, 

within  2  hours.     (Jn  the  2nd  November,  the  Ijatch  was  dried  for  the  fourth 

he  1 2th.     No  eggs  hatched  and  the  batch  remained  in  water  until  the  21st 

the  eggs  and  water  was  put  into  an  ice  chest  for  an  hour  and  a  half:  during 

vater  fell  from  80"  F.  to  73°  F.     2  eggs  hatched  ;   remaining  eggs  dissected 

on  re-immersion  Dried  again  on  24th  October,  and  not  immersed  until 
5  minutes,  23  within  2  hours,  and  3  more  the  following  day.  On  the  3rd 
a  third  time  and  re-immersed  on  the  4th  ;  none  hatched  Dried  for  the 
gain  immersed  without  any  eggs  hatching.  The  batch  was  dried  for  the 
■d  until  the   loth  January,  when  all  the  unhatched  eggs  were  found  to  have 


.il  2nd  December,  when  the  eggs  were  put  in  a  cool,  heavy  rain  for  about 
ed  in  \\ater;  4,  3  and  26  hatched  on  successive  days.     The  batch  was  kept 

when  the  piece  of  filter  paper  on  which  the  eggs  were  laid  was  lifted  from 
,  dry  wind  that  was  blowing :  the  batch  was  again  immersed  while  the  eggs 
hour,  and  the  remainder  on  the  24th  Decemljer  when  cooled  in  ice  chest, 
ied  and  re-immersed  ;  none  hatched.     They  were  again  dried  on  9th  Nov- 
opened  on  12th  May  and  found  to  be  dead. 

led  and  re-immersed  ;  nor.e  hatched.  They  were  again  dried  on  gih 
?ggs  opened  on  12th  May  and  found  to  be  dead. 

ied  and  exposed  to  rain  on  2nd  December;  i  hatched.  Cooled  on  20th 
•  and  exposing  to  cool,  dry  wind  ;  cooled  in  ice  chest  on  24th  December: 
ry  wind  action  on  2Sth  December  without  effect.  Dried  and  stored  3i.st 
lie  remaining  eggs  were  found  to  be  dead. 

d  ;  exposed  to  rain  on  2nd  December,  4  hatched.  Cooled  in  dry  wiml  on 
n  re-immersed.     Again  cooled  in  dry  wind  on  28th  December.      2  hatched 

dried  and  stored  31st  December;  all  unhatched  eggs  collapsed  during  3 

;d,  exposed  to  rain  on  2nd  December  ;  2  hatched  on  3rd.  Cooled  in  dry 
he  same  day  and  2  when  cooled  in  ice  chest  on  the  24th.  Again  cooled  in 
led.      Remainder  dried  and  stored   31st  December;  examined  30th  April, 

'ed  and  re-immersed  15th  November  ;  none  hatche.-d.  On  2ist  Novemljer 
gs  was  placed  in  an  ice  chest  for  an  hour  and  a  half;  during  this  period  the 
I".  All  the  remaining  eggs  hatched  on  the  following  day. 
ied  and  re-immersed  ;  none  hatched.  On  the  17th  November  an  egg  was 
formed  larva  to  all  appearances  living,  but  it  failed  to  make  any  movements 
diy  air  on  20th  Decemljer  was  without  result,  but  after  a  repetition  on  2Sth 
'g  eggs  were  stored  on  31st  December.      Remaining  eggs  opened  12th  May 

d  and  re-immersed  a  week  later  ;  2  hatched  on  4th  December  (this  was  not 
uity  of  the  conditions).  Cooled  in  dry  wind  on  20th  December  ;  I  hatched 
'he  second  cooling  in  dry  wind  on  the  28th  December  had  no  effect.  Remain- 
[cember  ;  examined  30th  April,  all  unhatched  eggs  dead. 

eggs  had  been   made  in  this  situation  it  is  probable  that 


Experimetit  Ne.  II. 
EXPERIMENT  REGARDING  THE  LAVING  AND  HATCHING   OF  EGGS  BY  STEGOMYIA  FASCIATA,  IN  WHICH  ONIA    ONE  I'EMALE  WAS  USED. 
The  female  emerged  on  Ihe  lolh  September,  1914.     Two  males  were  kept  with  her ;  one  emerged  on  the  nth  September,  and  the  orhur  on  the   r3th  Septenilitr, 
Opportunities  for  leeding  on  human  blood  were  afforded  each  night  from  the  roth  September  onwards.     The  female  died  on  the  J7th  October  (life  47  <l".»l. 
The  eggs  were  collected  each  evening  from  the  wet  filler  pap«  on  which  the  glass  jar  containing  the  mosquitoes  was  inverted. 
All  the  eggs  were  submerged  in  water.       None  were  allowed  ij  float. 
Each  batch  when  laid  was  placed  in  a  solid  watch  glass  and  these  ifere  submerged  in  a  large  glass  trough  i 


:  all  Ihe  batches  might  have  identical  conditions  in  regard  to  quantity  and  temperature  of  wai 
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did  not  liatch  nor  collapse,  it  was  opened,  and  found  to  contain  a  fully 
developed  larva  in  fresh  condition,  probably  killed  in  the  dissection  of  the 
egg. 

Experimenf  No.  IV. 

EFFECTS  OF  EVAPORAITOX  AND  REPLACEMENT  OF  WATER. 

A  female  that  emerged  2  3rd-24th  September  was  left  for  three  or  four  days 
in  a  cage  with  a  number  of  males  and  then  segregated.  Opportunities  of 
feeding  on  human  blood  were  afforded  daily.  The  female  died  on  3rd  Oct. 
Eggs  were  collected  each  day.  All  the  eggs  were  submerged  when  in  water. 
Very  small  pans  were  used,  containing  only  10  to  15  c.c.  of  water. 


NU-MBER    OF 
EGGS    LAID. 

Reference 

NVMBER. 

Date  of  hatching. 

Dates  on  which 

October. 

Nov- 
ember 

3 

6 

7           12 

21 

II 

30th  Septemljer  ... 
1st  October 

12 

7 

I 
2 

8 

2 

I 

I 

T-          CO 

1 

Remarks  and  Notes. 

r.  The  water  was  allowed  to  evaporate;  by  the  20th  October  the  eggs 
were  dry.  Fresh  water  was  added,  and  i  egg  hatched  m  two  hours  and 
a  half.     The  remaining  egg  collapsed  while  in  water. 

2.  The  water  was  allowed  to  evaporate  :  by  the  20th  October  the  eggs 
were  dry  and  fresh  water  was  added.  i  egg  hatched  within  twentv 
minutes,  2  more  within  five  hours.  The  water  was  again  allowed  to  evaporate, 
by  the  loth  November  the  two  remaining  eggs  were  again  dry  :  i  collapsed, 
the  other  was  re-immersed  and  hatched  within  thirty  minutes. 

Experiment  Xo.  I.  is  concerned  with  the  laying  and  hatching  of 
eggs  laid  b}-  two  bred  females  which  had  the  companionship  of 
several  males  during  the  course  of  their  lives. 

Experiment  No.  II.  is  concerned  with  the  eggs  laid  by  a  single 
female,  but  two  males  were  placed  with  her  in  order  to  better  the 
chances  of  all  the  eggs  laid  being  fertilized. 

The  plan  of  putting  batches  of  eggs  in  small  dishes  and  im- 
mersing them  in  one  large  pan  of  water  was  extended  in  this 
experiment  to  the  whole  series,  with  a  view  of  getting  the  conditions 
for  all  the  eggs  as  nearly  identical  as  possible. 

Experiment  No.  III.  dealt  with  a  batch  of  eggs  laid  by  a  wild 
female  ;  the  opportunity  afforded  by  this  find  was  seized  on  as  a 
means  of  checking  results  obtained  when  eggs  laid  by  reared  captives 
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were  used.  As  it  turned  out,  the  occasion  was  unique,  but  there 
is  no  reason  to  suppose  that  the  eggs  were  in  any  way  affected  by 
the  accident  of  their  deposition. 

Experiment  No.  IV.  was  initiated  to  contrast  the  effect  of 
gradual  evaporation  of  the  water  in  which  the  eggs  were  submerged 
with  the  less  natural  methods  employed  to  induce  resistant  eggs  to 
hatch  in   Experiments  No.   I.  and   II. 

The  fact  that  49  eggs  forming  batch  6  in  Experiment 
No.  I.,  which  all  hatched  on  the  same  day,  were  kept  in  a  larger 
pan  of  water  than  batches  i  to  5  in  the  same  experiment,  raised 
the  question  of  a  possible  relation  between  the  size  of  the  body  of 
water  and  period  of  hatching. 

The  existence  of  such  a  relation  was  supported  by  the  hatching 
of  a  large  number  of  eggs  of  batch  7  (Experiment  No.  I.),  following 
upon  their  transference  to  a  larger  dish  of  water.  On  the  other 
hand,  the  addition  of  fresh  water  apart  from  any  change  in  quantity 
was  the  apparent  cause  of  batches  i,  2,  7,  8  and  10  hatching  on 
the  29th  September.  A  comparison  with  the  hatching  of  eggs  in 
Experiment  No.  II.,  when  the  quantit}'  of  water  was  much  larger, 
and  Experiment  No.  III.,  when  it  was  equally  large,  pointed  to  the 
probability  of  the  unanimous  hatching  of  the  eggs  in  batch  6  being 
a  chance  occurrence,  while  the  partial  nature  of  the  response  to  either 
removal  to  larger  pans  or  the  renewal  of  water,  together  with  the 
vagaries  of  hatching  displayed  by  the  batches  immersed  in  the  same 
pans  of  water  in  both  Experiment  No.  I.  and  Experiment  No.  II., 
showed  that  the  factors  underlying  hatching  were  probably  of  a 
complex   nature. 

The  high  percentage  of  apparently  infertile  eggs  and  the  erratic 
nature  of  their  distribution  among  the  various  batches  of  Experiment 
No.  I.  rendered  it  very  doubtful  if  both  the  females  had  been  fertilized. 

It  was  an  evident  feature  of  all  these  early  experiments  that  the 
incidence  of  hatching  was  dominated  to  a  greater  or  lesser  extent 
by  external  conditions,  among  which  drying,  the  changing  of  water, 
and  temperature  conditions  acted  as  stimuli  on  a  certain  proportion 
of  the  eggs  only,  wild  laid  eggs  being  affected  as  well  as  those  laid 
in  captivity. 

The  points  raised  which  it  seemed  desirable  to  investigate 
further  may  be  summarised  in  the  following  questions  : — 

(i)   Does  the  quantity  of  water  in  which  the  eggs  are  immersed 
have  any  further  influence  on  hatching  ? 
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(2)  Are  all    the  ejj^gs   laid    In-   a    female   capable   of  surviving 

drying ;  if  a  porticju  only,  is  the  abilit}-  restricted  to 
certain  batches  or  evcnh'  distributed  ? 

(3)  What  is  the  effect  on  hatching  of  immediate  as  contrasted 

with  deferred  immersion  ;  does  the  mortahty  rise  in 
relation  to  the  period  of  storage  and  is  it  affected  b\-  the 
humidity  of  the  conditions  of  storage  ? 

(4)  Is    temperature    the     stimulating    factor     which     induces 

resistant  eggs  to  hatch  when  dried  and  re-immersed,  when 
the)-  are  transferred  to  fresh  water,  or  when  fresh  water  is 
added  to  that  in  which  the)-  are  alread)'  immersed  ? 

(5)  For  how  long  a  period   after  impregnation  is  a  female  able 

to  lay  fertile  eggs  ? 

(6)  How  man)'  females  can  a  single  male  impregnate,  and  what 

percentage  of  the  eggs  of  an)-  one  female  will  prove  fertile 

after  impregnation  b)-  a  single  male*  ? 
To  these  may  be   added  a   question   which   practical!)'  belongs  to 
this  series,  but  was  only  formulated  in  response  to  results  obtained  in 
the  conduct  of  the  experimental  work  above  outlined  : — 

(7)  To  what  extent  can  resistance  and    the   tendency  to  defer 

hatching  be  induced  b)-  external  conditions  after 
incubation  ? 

In  order  to  save  time,  owing  to  the  probable  death  of  some  of  the 
insects  segregated  for  trial,  most  of  the  experiments  were  started  in 
duplicate,  and  in  some  cases  bulk  experiments  dealing  with  numbers 
of  eggs  laid  in  the  general  cages  were  performed  dealing  ^\■ith  the 
same  or  parallel  points  to  support  the  results  obtained  when  using 
single  females. 

It  will  be  observed  that  information  other  than  that  directly  aimed 
at  was  obtained  in  some  cases  ;  such  b)--products  are  commented  on 
when  dealing  with  the  particular  experiments  involved. 

The  experiments  dealing  with  Questions  i,  2,  3,  4  and  7  are 
included  in  this  section,  while  those  relating  to  5  and  6  are  placed  in  that 
dealing  with  the  adults.  An  addendum  to  Experiment  Xo.  XLVI. 
(page  123),  showing  the  detail  of  the  number  of  eggs  laid  b)'  one  of 
the  females  and  their  dates  of  hatching,  is  included  with  the  experi- 
ment to  v.'hich  it  belongs  in  the  adult  section,  although  the  evidence 
it  affords  is  equally  applicable  to  this. 


*  The  act  of  copulation  is  so  rapidly  and  apparently   frequently   periormed   that  it  was 
not  found  practicable  to  limit  the  question  to  the  result  ot  a  single  pairing. 


28 


1^ 


H 
< 

O 
> 

I— I 


o 


< 

CD 

I— I 

U 

o 

o 


o 


^  <U 


^ 

hn 

^fi 

c 

D 

^ 

T7 

x: 

CU 

&r.' 

_c 

o 


"rt    ^    "S 


=3 


.S    ^   "^ 


13    C 
(U    o 


rt        ^-  C 


-^    C     OJ     >- 


S     " 


'H-  3 


55   a;     c     ^ 


■::i     rt 


1'^ 


^    O 

O 


T3 


T3    C 


C     00 


o 

Id 
c 

'5 

rt 

"r 

■n  o 

c 

■i  ci. 

l^ 

o 

aj 

rn 

o    >^ 

ci 

o 

rt 

D 

T3 

5 

■S 

I-H 

T-l 

< 

^  a 

1) 

rt 

ri 

X 

O 

•  S 

;/; 

?;     ^ 


^ 

H 

0) 

C 

J 

U 

u 

^ 

CL, 

g 

VC 

ro 

2 

:z; 

Z 

O 

- 

■LTt 

- 

Tf 

HH 

NO 

PI 

Tt 

ro 

- 

00 

O 

^ 

" 

ro 

- 

cx> 

h-i 

a 

•+ 

o 

" 

,_, 

o 

^ 

6 

ON 

t-H 

t-. 

M 

rn 

t-l 

« 

N 

z 

„ 

ro 

o 

< 

ro 

_ 

X 

O 

o 
u 

h 

a 

<^ 

On 

" 

t-( 

- 

00 
M 

■* 

»-» 

t-^ 

vO 

u^ 

"ij- 

o 

H 

'-' 

,^ 

O 
h 
u 
O 

ON 

N 

00 

■* 

r<5 

« 

ro 

U-) 

" 

ro 

N 

N 

N 

J2' 

'^ 

1         " 

lO 

n 

1       ^ 

O 

o 

M 

3DNaaaj3>i 


rt        a;     "^      ^ 


•— 1 

O 

^ 

<U 

t< 

60 

U) 

s 

a! 

s 

rt 

tr. 

Tf 

Tt- 

u-l 

un 

N 

M 

f^ 

o  ? 


< 


rt 


^   ro 


4^  OJ 


w 

(U 

H 
O 

(U 

^ 

0 

sJ" 

^ 

<; 

0) 

(/) 

^ 

u; 

0) 

K 

-G 

< 

■^ 

§ 

O 

W 

C^ 

Td 

•aivT 

Haawnjvi 


?    < 


rt 


< 


o 


o 


Experime}it  No.    VI. 

EFFECT  ON  HATCHING  OF  SUBMERGENCE   IN    A    SMALL  OR 
LARGE  QUANTITY  OF  WATER. 

(a)  Eggs  Laid  bv  a  Single  Female. 

A  female  that  emerged  on  4th  or  5th  October  was  kept  in  a  cage  with 
several  males  for  two  or  three  days  :  she  was  then  segregated  and  given  daily 
opportunities  of  feeding  on  human  blood. 

The  eggs  were  collected  each  day  and  divided  into  two  lots,  which  were 
placed  in  separate  glass  dishes.  These  were  then  submerged  in  the  same 
pans  as  those  used  for  Experiment  No.  V. 

All  the  eggs  were  kept  submerged  until  Sth  January.  When  they  were 
dried,  the  single  unhatched  egg  of  Lot  i  did  not  collapse  and  was  returned  to 
the  water. 


a  . 

S3 

2  ^ 

a  z 

Date  of  hatching. 

> 

Date  of 

OCTOHER. 

November. 

< 

12 

I 

14 

15 

16 

17 

20 

3 

28 

I 

3 

13 

I 

20 

22 

2 
3 

23 

I 

24 
I 

30 

0 

9  October   ... 

A 

7 

(small) 

7 
(large) 

I 
2 

14  per 
cent. 
Nil. 

f 

22 

3 

4 

I 

I 

13 

2 

I 

Nil. 

10    „ 

45 

(small) 

23 

(large) 

4 

2 

I 

2 

I 

I 

3 

10 

3 

Nil. 

Remarks  and  Notes. 


I.  The  remaining  egg  subsequently  collapsed. 

The  female  disappeared  out  of  jar  on  the  12th  October.     (Either  eaten 
by  ants  or  escaped,  owing  to  some  meddlesome  person  lifting  the  jar.) 
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Experime7it   No.    VII. 

EFFECT    ON    HATCHING   OF   SUBMERGENCE    IN    A    SMALL 
OR    LARGE    QUANTITY    OF    WATER. 

{b)  Eggs  laid  by  more  than  one  Female. 

The  batch  of  192  eggs  used  for  this  experiment  were  laid  in  a  cage 
containing  a  number  of  S.  fasciata  of  both  sexes.  All  the  eggs  were  laid  on 
the  same  night. 

■^The  eggs  were  ]Dlaced  in  small  floating  docks  with  a  silk  gauze  bottom 
and  allowed  to  sink  or  float  as  chance  determined. 

The  water  used  was  rain  water  that  had  been  exposed  to  sun  and  air  for 
a  week  and  then  strained  through  fine  gauze. 

Lot  A,  consisting  of  94  of  the  above  batch  of  eggs,  was  placed  in  a  single 
dock  floating  in  a  small  pan  containing  too  cc.  of  water. 

Lot  B,  consisting  of  98  of  the  above  batch  of  eggs,  was  distributed  over 
4  docks  floating  in  a  large  pan  contaming  4,000  cc.  of  water. 


Date  of  hatching. 

Lot  and  numher  of  eggs. 

October. 

November. 

22 
II 

3 

23 

27 
29 

24 

25 
10 

25 

27 
6 

29 
3 

30 
4 

I 
6 

2 
6 

9 

I 

14 

A.  (small  pan)  94  eggs 

B.  (large  pan)  98  eggs 

15 

40 

9 

I 

I 

A.  Total  hatched  at  30th  November,  88  =  94  per  cent. 

B.  ,,  ,,  ,,  ,,  84  =  86         ,, 

This  experiment  had  to  l)e  abandoned  at  the  end  of  November  as  a  wild 
female  got  through  the  mosquito  netting  cover  of  the  ])an  containing  Lot  B 
and  oviposited  in  one  of  the  docks. 


*  This  method  was  adopted  in  order  to  avoid  the  expenditure  of  the  time  required  to 
sink  so  large  a  number  of  eggs,  and  also  because  of  the  essential  difficulties  of  proving 
hatching  if  the  eggs  were  simply  allowed  to  scatter  in  a  large  pan.  For  full  details  of  the 
method  see  description  on  page  178  and  illustrations  Plate  29  and  Figure  27. 
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Experiments  Nos.  V.,  VI.,  VII.  and  VIII.  afford  no  very  decisive 
answer  to  the  first  question.  The  most  it  is  possible  to  say  is  that  within 
the  Hmits  of  the  experiment  the  smaller  quantity  of  water  raised  the 
percentage^of  mortality  and  was  possibly  responsible  for  some  delay 
in  hatching  in  Experiments  Nos.  V.,  VI.  and  VI  I., while  Experiment  No. 
VIII.  tends  to  obscure  the  issue  on  this  point.  A  very  interesting  fact 
clearly  brought  out  by  the  series  is,  however,  the  length  of  the  period 
which  may  elapse  between  the  immersion  of  the  egg  and  its  hatching 
even  when  no  dry  period  intervenes.  In  the  Experiments  No.  V.  and 
No.  VI.  periods  of  40  to  50  days  are  shown,  while  in  Experiment 
No.  VIII.  a  few  of  the  eggs  waited  4  or  5  months  before  hatching. 


Exferiment  jVo.  IX.* 
EFFECT  ON    HATCHING  OF  EAKfA'   OR  DEFERRliD    IMMERSIONS. 
(a)  Er.CS  LAI[»  BY  A  SINGLE  Fkmalk. 
A  female  ihal  t-merged  on  the  8lh  or  gib  October  was  placed  in  a  cage  with  several  males  ;ind  ;heii  captured  whih 

was  then  segregated  and  given  daily  opportunities  of  feeding  on  human  blood. t 
riie  eggs  were  collecied  each  day  (cNcept  when  the  number  laid  was  very  small)  and  divided  into  two  lots,  one  c 
once  placed  in  a  lloa'ing  dock  (I)  while  the  other  (0)  were  stored  dry  for  a  period  of  a  month  or  more.     1 
treated  in  the  same  way  as  the  other  lot. 
The  eggs  were  allowed  to  sink  or  float  as  chance  diroi  !li1 


e  fertile  eggs  laid.  The  female  was  destroyed  by  aoti  on  lolh  Janu.iiy  ;  life  95  days 
•  The  companion  expcrimcnl  to  No.  IX.  fnileij,  owing  lo  tlie  piiii.aliire  .Icalli  ■■ 
t  \v,.}^''°lt  °""'^'"e  "n"!  egg  Inying  [|,Btje  34)  for  fu.lli«  <l<:iBils. 


-i 


I)nmediaielY  Imiitened  Lots. 

Some  of  the  api)aieiu  mortality  or  infertility  among  the  immediately 
immersed  eggs  must  be  attributed  to  the  method  employed  of  allowing  them 
to  either  sink  or  swim  in  floating  docks.  ^Vhile  convenient  in  many  ways  for 
observation  and  effecting  a  very  large  saving  in  time  and  labour,  this  system 
is  not  without  its  drawbacks.  Chief  among  these  there  is  the  fact  that,  after 
a  few  weeks'  immersion  it  becomes  impossible  to  follow  up  all  the  eggs 
individually,  owing  to  the  wood  and  gauze  forming  the  docks  becoming 
discoloured,  while  some  of  the  eggs  get  washed  into  crevices  at  the  junction 
of  the  wood  and  gauze. 

The  rusting  of  the  tins  used  (in  the  absence  of  glass  pans)  was  the  cause 
of  much  discolouration.  There  may  also  have  been  a  few  actual  losses  owing 
to  the  gauze  bottom  of  the  docks  rotting  or  fraying  through  with  the  lapse  of 
time. 

The  docks  containing  the  immediately  immersed  lots  were  taken  from  the 
water  and  dried  in  sequence  between  the  loth  November  and  the  7th  January 
in  order  to  make  room  for  those  containing  the  later  lots — the  same  water 
being  used  throughout.  They  v>'ere  subse(|uently  returned  to  the  water,  but  it 
will  be  noted  thai  only  in  the  case  of  Lots  Nos.  8  and  16  did  eggs  hatch  after 
re-immersion. 

Lots  in  which  Immersion  zvas  Deferred.  '    '■'_ 

No.     I.      5  eggs  showed  signs  of  collapse  within  three  days  of  drying. 

x-^-u.       J.        J        ,,  ,,  ,j  ,,  ,,  ,,  ,, 

No      c       -^ 

i\  O.       J  .        2       ,,  ,,  ,,  ,,  .,  ,,  ,, 

No.     9.     (No  record). 

No.  II.     4  eggs  showed  signs  of  collapse  within  three  days  of  drying. 

No.  13.     4     „ 

iNO.     15-  5  !5  ))  11  11  11  11  11 

ISO.  17.     4     11  J)  ))  ))  5)  >)  11 

No.  19.  i         •  ■ 

No.  21.  ■  ■  ■  ■     •   ■ 

No.  23.  ■  .  ■  .  - 

No.  25.  V  (No  record).  •- 

No.  27.  ■ 

No.  29. 

No.  31./ 

On  the  14th  December,  Lots  Nos.  i,  3,  5,  7,  9,  11,  and  13  were 
examined  : — 

No.     I.  31  eggs  present :  5  collapsed. 

No-    3-  24     „  „  ;  4  „                                      .        • 

No.     5.  16  „  „  ;  2 

No.     7.  29  ,,  ,,  only  partially  examined  :   23  were  full. 

No.     9.  36  ,,  ,,  ,,            „                ,,         ;  no  collapsed  seen. 

No.  II.  28  ,,  „  ;  8  collapsed. 

No.  13.  26  „  „  ;  4         „ 

All  these  seven  lots  were  placed  in  floating  docks  on  the  :4th  December. 
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2  5,  2  7  and  29  were 


No. 

i.S- 

26 

No. 

17- 

8 

No. 

19. 

15 

No. 

21. 

14 

No. 

2.V 

16 

No. 

2  5- 

9 

No. 

27. 

4 

No. 

29. 

5 

On   the    19th  January   Lots   Nos.    15,    17,    19,  21,   2 
examined  : — 

26  eggs  present;  all  but  15  more  or  less  collapsed 

))  ))      ))      4       J)  ))  )) 

))  5'          ))           '-'             5>  )J  )) 

?»  ))           5)            5               ''  "  J' 

)>  )>       1)    13        '>  »?  )> 

1*  .1           .1            A              1.  11  11 


All  these  eight  lots  were  placed  in  floating  docks  on  the  19th  January. 

Unfortunately,  the  term  "collapsed"  was  applied,  during  the  early  course 
of  the  experiment,  to  all  eggs  that  showed  marked  signs  of  shrinkage,  it  being 
at  that  time  considered  that  this  was  a  certain  forerunner  of  complete  collapse, 
and  that  such  eggs  were  infertile.  Subsequent  experience  proved  that  this 
was  not  necessarily  the  case,  as  it  was  observed  that  partially  collapsed  eggs, 
when  wetted  may  either  hatch  at  once  or  recover  their  full  rotundity  and 
hatch  later  on. 

The  I0.SS  in  numbers  of  Lots  Nos.  17,  21,  and  23  can  only  be  accounted 
for  on  the  assumption  that  they  had  been  destroyed  and  eaten  by  Psocidce, 
which  had  managed  to  get  through  the  close  fitting  lids  of  the  boxes  in  which  the 
eggs  were  kept.  These  enemies  had  only  penetrated  into  the  boxes  in  which 
these  three  lots  were  kept. 


Feeding  (on  Blood)  and  Egg-Laying  of  Stegomyia  fasciata. 
Record  of  female  used  in  Experiment  No.  IX. 


Date  of  feeding 

Number  of 

Remarks  re  feeding. 

Date  of  feeding 

Number  of 

Remarks  re  feeding. 

and  egg-laying. 

eggs  laid. 

and  egg-laying. 

eggs  laid. 

12  October     ... 

62 

Did  not  feed. 

17   November... 

Fed. 

13 

48 

Fed. 

18 

,, 

14 

,, 

20           „ 

,, 

16 

31 

,, 

21           „ 

31 

,, 

19 

59 

,, 

26           „          ... 

7 

,, 

20          „ 

,  J 

27 

II 

Did  not  feed. 

23 

75 

28 

Fed  slightly. 

24 

J  J 

I  December... 

Fed. 

26 

55 

,, 

3 

,, 

27 

2 

,, 

4 

Bit,    drew    very 

28 

,j 

little  (if  any) 

29 

,, 

blood. 

30 

52 

,, 

8          „         ... 

47 

Fed. 

31 

1 

9  December... 

I 

J » 

1   November... 

10           „ 

II 

2              „ 

7 

Did  not  feed. 

12 

46 

,, 

3 

48 

>)          )> 

14 

Bit. 

4 

3 

»>          )> 

18 

32 

Fed. 

5 

Fed. 

19 

P^d  slightly. 

6 

Fed  slightly. 

22           „ 

,,           ,, 

8          „         ... 

9 
II           „ 

47 

Fed. 

23 

3 

Did  not  feed. 

2 

Did  not  feed. 

As  only  infertile  eggs  w 

ere  being  laid,  a 

12 

28 

Fed. 

male  was  put  in  jar  with  th 

e  female. 

16 

39 

!) 

35 


Record  of  female  used  t?i  Experiment  No.  IX. — continued. 

Date  of  feeding 
and  egg-laying. 

Number  of 
eggs  laid. 

Remarks  ;«'  feeding. 

1  ).ite  of  feeding 
and  egg-laying. 

Number  of 
eggs  laid. 

Remarks  re  feeding. 

24  December... 

25 

26 

27 

2S 
29 
30 

I    January 

I 

Fed  slightly. 

7  January     ... 

7 

Did  not  feed. 

20 

2 

5 

Bit. 
Fed. 

Bit. 

Fed. 
l!it. 

9         0          1 

As  the  male  added  on  the  23rd  December 
had  died  two  fresh  ones  were  added. 

10  January      ...         ...           Fed  heavily. 

11  "      ,,           ...          16 

1                   1 

3          )> 

4 

5 

6        „ 

3 

4 

P'ed  slightly. 

Fed. 

P'ed  slightly. 

The  female  disappeared  although  bolh  the 

males  remained  in  the  jar.    I  can  only  account 

for  this  by  supposing  that  ants  found  their 

'   way  in  and  carried  off  the  female  piecemeal. 

10-  to  15-minute  opportunities  of  feeding  on  blood  were  afforded  every 
night,  but  the  dates  on  which  egg-laying  or  feeding  took  place  alone  are 
recorded. 

The  last  fertile  egg  was  laid  on  the  12th  December — 63  days  after  separ- 
ation from  the  males;  at  this  time  712  eggs  had  been  laid  in  22  days. 
Allowing  that  eggs,  when  laid  on  following  days,  belong  to  the  same  batch 
(using  this  term  to  mean  the  ripe  contents  of  the  ovaries),  this  gives  15  batches 
of  eggs  within  the  fertile  period. 

The  total  number  of  eggs  laid  was  798,  the  last  87  being  divided  into  6 
separate  batches  laid  with  intervals  of  more  than  a  day  between  them. 

The  males  introduced  on  the  23rd  December  and  glh  January  did  not 
effect  the  fertilization  of  the  eggs  laid  subsequently.  During  the  period  the 
males  were  with  her,  the  female  had  the  choice  of  feeding  on  honey  as  well 
as  blood. 

There  is  little  doubt  but  that  ants  were  responsible  for  the  disappearance, 
as  occasions  in  which  legs,  wings  and  other  remains  were  left  behind,  as  well 
as  one  instance  when  they  were  caught  in  the  act,  occurred  during  the  course 
of  the  experiments.  At  the  same  time,  I  am  disposed  to  consider  that  the 
female  was  nearly,  if  not  quite,  spent.  It  is  possible,  however,  that  if  a  chance 
of  pairing  had  been  given  to  her  late  in  November,  when  signs  of  waning 
fertility  at  first  began  to  show,  that  many  of  the  late  laid  eggs  might  have 
proved  fertile. 


The  evidence  afforded  by'  this  experiment  is,  in  a  general  sense,  a 
sufficiently  clear  answer  in  the  affirmative  to  Question  (2),  and  the 
second  portion  of  the  question  therefore  falls. 

In  utilizing  the  evidence  afforded  by  this  experiment  relating  to 
the  effect  of  immediate  or  deferred  immersion  (Question  (3)),  some 
preliminar}'  precautions  are  necessary.  Lots  17,  21  and  23  should  be 
left  out  of  account,  as  the  ravages  of  book  lice  among  the  stored 
eggs  not  onl}-  reduced  the  numbers,  but  very  probabl}-,  as  their  habit 
D* 


is,  perforated  others  and  killed  the  larvne,  leaving  the  shells  intact. 
It  will  be  better  also  to  exclude  all  the  batches  subsequent  to  26,  as 
the  general  infertility  of  the  December-laid  eggs  is  ver}-  obvious. 

Taking  Lots  i  to  16,  19/20  and  25/26,  we  find  that  of  the 
immersed  eggs  199,  =  82  per  cent,,  hatched  out  of  244,  while  of 
those  stored  dry  for  a  month  or  more  before  immersion  173 
=  72  per  cent.,  hatched  out  of  242,  the  period  of  dry  storage  being 
apparently  responsible  for   10  per  cent,   mortality. 

Two  batches,  however,  laid  on  the  19th  and  23rd  of  October, 
require  special  attention  in  this  connection.  The  eggs  were 
deposited  on  wet  wood  (fragments  of  willow  chip  boxes)  in  place 
of  the  usual  filter  paper.  It  will  be  observed  that  the  percentage 
hatching  in  these  batches  is  high,  86  per  cent,  and  91  per  cent., 
while  they  afford  the  only  instance  in  which  the  stored  eggs  show 
a  lower  mortality  than  the  portion  of  batch  immersed  immediately 
after  laying.  From  this  it  would  appear  that  the  material  on  which 
the  eggs  rest  may  be  a  factor  in  their  survival  during  periods  of 
drought,  a  conclusion  which  fits  in  with  the  facts  already  noted 
in  the  introductory  remarks  {see  page  19)  regarding  the  recovery 
of  shape  by  shrunken  eggs. 


Experiment  No.  X* 

EFFECT  ON  HATCHING  OF  EARLY  OR  DEFERRED 
IMMERSION. 

(J?)  Eggs  laid  by  more  than  one  Female. 

144  eggs  were  laid  on  the  night  of  the  Sth-Qth  October  on  filter  paper  in  a 
cage  containing  numbers  of  S.  fasciata  of  both  sexes. 

These  were  divided  into  tw'o  lots — ^,  66  eggs,  which  were  immersed  on 
the  9th  October,  and  -5,  78  eggs,  which  were  allowed  to  slowly  dry  and  then 
stored  in  the  animal  house  until  the  17th  November,  when  they  wers 
immersed,  39  days  after  laying. 


*In  this  and  the  following  experiments,  as  well  as  in  other  cases  where  eggs  were  stored 
dry,  woodlice  and  small  insects,  such  as  ants  and  Psocidce,  easily  gained  entrance  to  the 
eggs  in  paper  envelopes,  and,  with  the  exception  of  the  larger  woodlice,  to  the  wire 
gauze  tubes  as  well.  Psocidce  even  penetrated  into  entomological  boxes  unless  the  lids 
fitted  very  tightly. 

The  surface  of  the  filter  paper  on  which  the  eggs  were  laid  was  often  gnawed  off  in 
patches  and  numbers  of  eggs  had  disappeared.  No  evidence  that  either  ants  or  woodlice 
intentionally  destroy  eggs  was  obtained,  but,  on  the  other  hand,  there  is  definite  proof 
that  Psocidir  do  so.     See  account  under  "Enemies,"  page  59,   Experiment  No.  XXII. 


T.OT  A. 


Date  of  hatching. 

NUMIIEK  OF 

EGGS    WHICtI 

HATCHEU    FKIOK 

TO   STORAGE. 

66  eggs 
iaid  on   the 

OCTOBEK. 

Pek- 

12 

13 

14 

i8 

19 

20 

night, 
8—9  October   ... 

3 

20 

II 

I 

2 

I 

38 

57 

On  the  7th  November,  after  29  days'  immer.sion,  Lot  A  was  taken  from 
the  water  and  stored  dry  in  the  Laboratory  until  the  22nd  January  (76  days). 
An  examination  showed  3  full  and  16  shrunken  eggs,  the  remainder  having 
collapsed  ;  the  eggs  were  then  transferred  to  the  moscjuito  house  and  placed 
under  shelter.  They  were  iinally  immersed  on  the  29th  April  after  173  days' 
storage  without  water.      None  hatched,  and  dissection   showed  that  all   the 


unhatched  eggs  were  dead. 


Lot  B. 


Was  examined  on  the  i  7th  November  after  39  days'  storage  :  9  of  the  eggs 
had  collapsed.  The  lot  was  then  immersed  in  water.  After  3  days  none  of 
the  eggs  having  hatched,  the  pan  was  placed  in  the  ice  chest,  the  temperature 
of  the  water  falling  within  2  hours  from  81°  F.  to  73°  F.  ;  7  eggs  hatched 
while  in  the  ice  chest.  The  pan  was  then  kept  at  Laboratory  temperature 
until  the  4th  January,  ,  r     ,^ 


78  eggs 

laid  on  the 

night, 

8 — 9  October 


I 

Date  of 

HATCHING. 

Number  of 
eggs  which 

HATCHED 

November, 

Dece.mbek. 

20 

22 

23 

21 

AFTER  STORAGE. 

7 

28 

6 

I 

42 

Percentage. 


54 


On  the  4th  January,  after  48  days'  immersion,  the  lot  was  removed  from 
the  water,  dried,  and  stored  in  the  mosquito  house  under  cover  until  the 
29th  of  April,  when  it  was  again  immersed.  None  of  the  eggs  hatched,  and 
dissection  proved  that  all  were  dead.  ■   \ 

'.■    .0 
Experiment  No.  XI. 

EFFECT  ON  HATCHING  OF  EARLY  OR  DEFERRED 
IMMERSION. 


{b)   Eggs  l.^md  by  more  than  one  Female. 

493  sggs  were  laid  between  the  ioth-i4th  October  on  filter  paper  in  a 
cage  containing  numbers  of  S.  fasciata  of  both  sexes.  These  were  divided 
into  two  lots — A,  197  eggs,  which  were  immersed  on  the  14th  October,  and 
B.,  196  eggs,  which  were  slowly  dried  and  then  stored  in  the  aniinal  house 
until  the  4th  January,  they  were  then  immersed  82  days  after  laying.        ^-'.^ 


38 


Lot  a. 


197  eggs  laid 
10  —  14  October  ... 


Date  of 

HATCHING. 

14 

October. 

15 

16 

17 

18 

20 

30 

28 

61 

5 

9 

4 

Number  of  eggs 
which  hatched 

PRIOR   TO 
STOR.\GE. 


137 


Per- 
centage. 


70 


On  the  7th  November,  after  24  days'  immersion,  Lot  A  was  taken  from 
the  water  and  stored  dry  in  the  laboratory  until  the  22nd  January  (76  days). 
An  examination  showed  8  full  and  24  shrunken  unhatched  eggs,  the  balance 
having  collapsed  :  the  eggs  were  then  transferred  to  the  mosquito  house  and 
placed  under  shelter.  Tney  were  finally  immersed  on  the  29th  April  after 
173  days'  storage.  After  14  days'  immersion,  during  which  period  they  were 
twice  cooled,  the  unhatched  eggs  were  dissected.  One  living  larva  was 
extracted,  the  remainder  were  dead. 

Lot  B. 

Was  examined  on  the  4th  January  after  82  days  :  very  many  of  the  eggs 
were  shrunken  or  collapsed.  They  were  first  put  into  a  saturated  atmosphere, 
and  after  24  hours  wetted  by  sprinkling  and  finally  immersed  ;  4  hatched 
within  2  hours. 


Date  of  hatching. 

Number  of  eggs 

WHICH 
HATCHED    after 

storage. 

January. 

Per- 
centage. 

4 

5 

6 

7 

10 

14 

IS 

16 

17 

196  eggs  laid 

10  —  14  October. 

Immersed  4  January 

4 

17 

I 

2 

I 

3 

18 

3 

2 

51 

26 

They  were  dried  on  the  26th  January  and  stored  in  the  mosquito  house, 
under  shelter,  until  the  29th  April,  and  were  then  again  immersed  after  93  days' 
storage.  None  of  the  eggs  hatched,  and  dissection  proved  them  to  be  all 
dead. 


Experivietit  No.  XII. 

EFFECT  ON  HATCHING  OF  EARLY  OR  DEFERRED 
LMMERSION. 

{b)  Eggs  laid  by  more  th.\n  one  Female. 

517  eggs  were  laid  between  the  i4th-i6th  October  on  filter  paper  in  a 
cage  containing  numbers  of  .S.  fasciata  of  both  sexes.  These  were  divided 
into  two  lots,  A^  254  eggs,  which  were  immersed  on  the  i6th  October,  and  ^, 
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263  eggs,  which  were  dried,  placed  in  a  wire  gauze  tube  and  suspended  in  the 
covered  pit  in  the  mosquito  house  until   the  i8th  November,  33  days  after 


laymg. 


Lot  a. 


254  eggs  laid 
14-16  (3ctobfr 


Date 

OF    HATCHING. 

1 

October. 

17 

18 

19 

20 

21 

70 

87 

27 

17 

I 

Number  oh  eggs 
which  hatched 

PRIOR   TO 
STORAGE. 


Per- 
centage. 


80 


On  the  7th  November,  after  22  days'  immersion.  Lot  A  was  dried  and  then 
stored  in  the  Laboratory  until  the  22nd  January  (76  days).  An  examination 
showed  22  full  and  22  shrunken  unhatched  eggs,  the  balance  having  collapsed  : 
the  eggs  were  transferred  to  the  mosquito  house  and  stored  under  shelter. 
They  were  then  immersed  again  on  the  29th  April  after  173  days' storage. 
0/te  hatdied  on  the  6th  ]\Iay  and  one  on  the  12th,  both  in  response  to 
cooling  :  but  the  larvs  died  within  a  few  hours  of  hatching.  The  remaining 
unhatched  eggs  were  dissected;  2  were  found  to  contain  living  larvK,  the 
remainder  were  dead. 

Lot  B, 

Was  examined  on  i8th  November  ;  it  was  found  that  the  paper  cover  to 
the  wire  gauze  tube  was  saturated  with  moisture,  while  the  filter  paper  on 
which  the  eggs  were  laid  was  damp.  20  eggs  had  hatched  owing  to  drops  of 
water  precipitated  on  the  wire  gauze  having  flooded  single  eggs  or  small 
groups  of  eggs;  13  eggs  had  collapsed;  the  remainder  were  immersed  ^-i^ 
days  after  laying. 


Date  of 

HATCHING. 

Number    of 
eggs  which 

HATCHED 

AFTER 
STORAGE. 

Percentage 

November. 

December. 

OF 
UNHATCHED 

Survivors 

18 

20 

22 

23 

24 

29 

4 

9 

12 

18 

EGGS   AT   DATE 

OF  IMMERSION. 

of  263 

eggs  laid 

J 4- 1 6  October 

35 

15 

82 

19 

6 

3 

I 

I 

1 

I 

164 

68 

A  few  of  the  eggs  hatched  within  3  minutes  of  their  immersion,  18  larvje 
were  out  within  one  hour  and  35  within  three  hours.  None  hatched  on  the  19th. 
On  the  20th  November  the  pan  was  placed  in  the  ice  chest  ;  in  two  hours 
the  temperature  of  the  water  fell  from  80'  F.  to  73°  F.,  15  hatched  ;  the  pan 
was  then  kept  at  Laboratory  temperature  until  3rd  December,  when  it  was 
placed  in  an  incubator  at  97°  F.  for  two  hours.  Owing  to  an  accident  iS 
unhatched  eggs  were  lost.  On  the  4th  January  Lot  B  was  dried  and  stored 
under  shelter  in  the  mosquito  house  until  29th  April,  when  it  was  again 
immersed.  No  larv?e  emerged,  and  dissection  showed  that  all  the  unhatched 
eggs  were  dead. 
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Experiment  No.  XIII. 

EFFECT  ON  HATCHING  OF  EARLY  OR  DEFERRED 
IMMERSION. 

{h)  Eggs  laid  by  more  than  one  Female. 

580  eggs  were  laid  between  the  i6th  and  igtli  October,  on  filter  paper,  in 
a  cage  containing  numbers  of  Stegojuyia  fasciata  of  both  sexes.  These  were 
divided  into  two  lots,  A,  275  eggs,  which  were  immersed  on  the  19th 
October,  and  B,  305  eggs,  which  were  dried,  placed  in  a  wire  gauze  tube, 
wrapped  in  paper,  and  placed  under  dead  leaves  in  the  moscjuito  house. 

Lot  a. 


"-■;  -  -*'•  ' 

Date  of  hatching. 

Number  of  eggs 
WHICH  hatched 

I'KIOK   to 

storage. 

October. 

November. 

Per. 

CENTAGE. 

19 

20 

21 

22 

23 

2 

3 

4 

6 

275  eggs  laid 
16 — 19  October. 

16 

92 

47 

18 

26 

I 

I 

I 

4 

206 

75 

On  the  17th  November,  after  19  days'  immersion,  Lot  Ji  was  dried  and 
stored  in  the  Laboratory  until  the  22nd  January  (76  days).  An  examination 
showed  13  full  and  16  shrunken  eggs — the  remainder  of  the  unhatched  eggs 
having  collapsed.  The  eggs  were  transferred  to  the  mosquito  house  and 
stored  under  shelter  till  the  29th  April,  when  they  were  again  immersed  after 
173  days'  storage. 

On  the  2nd  May,  i  hatched  and  died  shortly  after  emerging. 
„      ,,    4th    May,  3       ,,         one  of  which  died. 
„      „    6th    May,  i        „         199  days  after  laying. 
Dissection  showed  the  remaining  eggs  to  be  dead. 

Lot  B. 

Was  examined  on  the  9th  March,  after  141  days'  storage  :  the  paper 
covering  of  the  tube  had  been  mostly  eaten  off — woodlice  and  millipedes  were 
present  on  the  outside  of  the  tube,  ants  and  Psocidic  in  the  interior.  One  of 
the  four  slips  on  which  the  eggs  had  been  laid  was  taken  out,  the  tube  was 
recovered  with  paper  and  replaced  under  the  leaves.  Only  27  eggs  were 
found  on  the  slip  in  place  of  the  50  originally  laid  on  it.  Of  these  by  far  the 
larger  number  had  already  hatched,  probably  during  heavy  and  prolonged 
rain  in  November  or  December;  2  eggs  were  full,  18  had  hatched,  and  7  had 
collapsed  more  or  less  completely.  This  portion  of  Lot  B  was  immersed  on 
the  9th  of  March  and  on  two  occasions  between  this  date  and  the  20th  of  the 
same  month,  the  paper  with  the  eggs  on  it  was  lifted  and  cooled  by  exposure 
to  draught. 

I  hatched  on  the  20th— 152  days  after  laying  ;  a  male  was  bred. 

I        ,,  „        24th — this  larva  died  shortly  after  emergence. 

I        ,,  „        30th — this  larva  was  dead  when  found. 

All  the  remainder  proved  to  be  dead  when  opened. 
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On  the  2ist  April,  after  6  months'  storage,  the  remaining  3  slips  of  Lot  B 
were  examined  and  then  immersed  : — 

4  hatched  when  cooled  on  23rd  April,  186  days  after  laying. 

I        ,,  ,,         ,,       for  the  second  time,  on  the  27th  April,  and  died 

shortly  after  emerging. 
I  hatched  when  cooled  for  the  third  time,  on  the   12th  May,  205  days 
after  laying. 
Of  the  305  eggs  stored,  27  were  found  on  the  slip  taken  out  on   the   9th 
March,  and  122  on  the  3  slips  examined  on  the  21st  April  :  in   all    149  eggs. 
Of  these,  43  had  more  or  less  completely  collapsed  :   9   retained   their  shape 
and  97  had  hatched  while  stored.     9  eggs  hatched. 

These  experiments  (Experiments  X.  to  XIII.),  while  affording 
interesting  general  information  relating  to  Question  (3),  fail  to  give 
a  decisive  answer  to  that  portion  of  it  which  concerns  a  possible 
proportional  relation  between  mortality  and  period  of  storage.  This 
is  due  to  the  destruction  by  Psocidce  (book  licej  of  large  numbers  of  the 
stored  eggs  in  some  of  the  experiments,  and  sufficiently  numerous 
attacks  in  the  case  of  others  to  throw  doubt  on  the  validity^  of  the 
results.  Such  a  heavy  reduction  of  numbers  was  not  foreseen,  and  in 
any  case  would  haxe  been  difficult  to  guard  against  wdthout  entirely 
militating  against  natural  conditions,  as  it  would  have  been  necessary 
to  enclose  the  eggs  in  tubes  or  boxes  with  all  but  air-tight  lids. 
Unfortunately,  the  cause  of  the  reduction  was  not  recognised  until 
a  late  stage  of  the  work,  otherwise  a  careful  examination  of  the  stored 
eggs  in  Experiments  Nos.  X.  and  XI.  might  have  allowed  of  some 
definite  proportional  results  being  arrived  at.  The  excess  in 
mortality,  after  39  days'  storage,  of  Lot  B  in  Experiment  No,  X., 
is  only^  3  per  cent.,  which,  in  view  of  the  foregoing  explanation,  is 
probabl}'  devoid  of  significance. 

In  Experiment  No,  XI.  the  excess  in  mortalit}^  amounts  to 
40  per  cent.,  which  ma\'  be  partly  attributable  to  the  lengthened 
period  of  storage,  but  in  any  case  a  very  considerable  allowance 
must  be  made  for  the  destruction  of  eggs  by  these  small  enemies. 

Experiment  No.  XII.  was  designed  to  contrast  with  No.  X.,  the 
stored  eggs  being  kept  under  very  humid  conditions.  If  allowance 
be  made  for  a  difference  in  the  constitution  of  the  eggs  used,  as 
shown  b\-  the  different  percentages  which  hatched  of  the  unstored 
eggs  in  the  two  experiments,  it  would  appear  that  storage  under 
humid  conditions,  for  the  short  period  involved,  affords  no  advantage. 

Experiment  No.  XIII,  Although  such  an  extensive  destruction 
of  the  stored  eggs  was  disappointing,  still  a  larger  wastage  than 
in  the  other  experiments  was  to  be  expected,  both  on  account  of  the 
longer   period   of  time   involved  and   also   because  the  conditions  ot 
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storage  rendered  the  eggs  not  only  more  liable  to  the  attacks  of  other 
insects  but  to  be  washed  away  by  heavy  rains  as  well.  The  reduced 
numbers  are  so  small  that  but  little  reliance  can  be  placed  on  any 
conclusion  concerning  these  hatchings,  more  especially  as  it  is 
uncertain  to  what  extent  the  collapsing  resulted  from  the  attacks  of 
book  lice  or  from  natural  causes.  If  only  the  apparentlysound  eggs  are 
considered,  the  result  shows  that  6  eggs  out  of  9  hatched  (or  66  per 
cent.).  This  is  probably  far  too  high  for  a  general  survival  rate  under 
the  conditions  in  the  light  of  general  experience,  as  apart  from  actual 
experiment,  which  suggests  that  long  storage  is  certainly  responsible 
for  an  increased  mortality,  apart  from  the  attacks  of  enemies. 

The  Effect  of  Changes  of  Temperature. 

The  possibility  of  changes  of  temperature  affecting  the  hatching  of 
eggs  was  recognised  at  an  earl}-  stage  of  the  research.  The 
preliminary  trials  which  formed  the  basis  for  Question  (4)  suggested 
that  a  rapid  fall  of  a  few  degrees  Fahr.  acted  as  a  stimulus  to  induce 
the  hatching  of  resting  or  resistant  eggs,  whereas  an  equivalent  rise 
had  little,  if  any,  influence 

The  following  experiments  were  then  carried  out,  two  plans 
being  employed.  In  the  first,  which  relates  to  cold  only,  eggs  of 
many  different  stocks  and  layings  which  proved  to  be  resistant 
under  previous  long  continued  immersion  or  repeated  dryings  and 
wettings,  were  cooled  by  one  or  other  of  the  following  methods  : — 
(i)  By  exposing  the  dry  eggs  to  rain  on  a  cool  day. 

(2)  By    placing    the    pans  of  water    in    which  the  eggs  were 

immersed  in  an  ice  chest. 

(3)  By   lifting   the  filter  paper  on    which  the  eggs  were  lying 

from  the  pan  of  water  and  exposing  it  to  rapid  evaporation 
in  a  strong  draught  of  dry  air. 

It  is  to  be  noted  that  in  (2)  and  (3)  the  eggs  had  been  kept 
immersed  for  several  days  before  the  trial,  so  that  the  larva:?  had  had 
opportunity  of  emerging  right  up  to  the  time  of  the  test.  On  tiie 
other  hand,  in  method  (i)  the  eggs,  though  already  proved  to  be 
resistant,  had  been  kept  dry  for  a  longer  or  shorter  time  before  the  trial. 

In  the  second  plan  a  large  batch  of  eggs  laid  between  the 
23rd  November  and  7th  December  in  a  cage  containing  a  number  of 
S.  fasciata  was  employed.  One  portion  was  stored  dry  while  the 
other  was  immersed  until  all  the  eggs  ready  to  hatch  had  done  so. 

The  resistant  eggs,  which  did  not  respond  within  a  period  of 
17  days'  immersion,  were  divided,  one  portion  being  submitted  to  a 
rapid  rise  of  temperature  by  placing  the   pan    containing   them  in  an 
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incubator  at  95°  F.,   while  the  pan  containing;   the   other  portion  was 
transferred  to  the  ice  chest. 

The  subsequent   history   of  all  the   eggs   that   proved    resistant  to 
these  conditions  was,  so  far  as  possible,  followed  up. 


Experiment  Xo.  XIV. 

EFFECT  OF  COOLING  ON  RESISTANT  EGGS   OF 
VARIOUS  BATCHES. 

(i)  By  placixg  in  rain  on  a  cool,  wet    day  (2ND  December,   1914). 

After  remaining  in  the  rain  for  about  thirty  minutes  the  eggs  were 
placed  in  rain  water  and  left  out  of  doors  for  an  hour.  (The  fall  of  the 
dry  bulb  of  the  hygrometer  was  less  marked  than  that  of  the  wet  bulb  on 
the  2nd  December,   1914). 


Reference  to  Date 

source  from  which  when  the 

the  eggs  were  ,  eggs  were 

taken.  laid. 


S.  fasciata :  — 
Exp.  No.  II., 

No.  7 


5  Oct. 


I^xp.  No.  II.,  i: 

No.  10 

Exp.  No.  II.,        I   r 
No.  1 1 


Exp.  No.  II.,  14 

No.  12 

From  Fertility  Experiment :  — 
B.  II '     3  Nov.         35 


Number 
of  eggs 
in  the 
original 
batch  as 
laid. 


37 

4 
18 


B.  III.... 


W.   III. 


B    IV. 


C.  1.    ... 


C.  VII.  ...      13      „  16 


2      ,, 


84 


80 


II      ,,     '       28 


7      „  30 


Number 

1 

Number   ' 

which 

which 

hatched 

hatched 

within 

within 

4  hours. 

20  hours. 

4 

3 

I 
4 

2 

4 

5 

I 

3 

5 

Notes  regarding  the 

previous  history  of  the  resistant 

eggs  or  the  batches  of  which 

they  formed  part. 


This  batch  of  eggs  had  been 
immersed  for  34  days  before 
drying,  but  none  of  the  eggs 
hatched. 

Immersed  for  27  days  l^efore  dry- 
ing.    No  larvK  had  emerged. 

Immersed  for  26  days  before  dry- 
ing.    Only  I  larva  had  emerged. 

Immersed  for  25  days  before  dry- 
ing.    No  larvae  had  emerged. 

Only  4  larvie  emerged  during  the 
period  of  immersion  after  laying, 
the  resistant  eggs  had  been  dried 
and  immersed  several  times  with- 
out effect. 

47  larvae  emerged  within  4  days  of 
laying ;  the  resistant  eggs  had  been 
dried  and  re- immersed  on  several 
occasions  without  effect. 

65  larva.'  emerged  within  4  days  of 
laying,  and  the  resistant  eggs  had 
been  dried  and  immersed  several 
times  without  effect. 

13  larvae  emerged  within  4  days  of 
laying,  and  the  resistant  eggs  had 
been  dried  and  re-immersed  3  or 
4  times  without  effect. 

3  larvae  emerged  within  6  days  of 
laying;  the  resistant  eggs  had  been 
dried  and  re-immersed  several 
times  without  effect. 

No  larvae  had  emerged  within  10 
days  of  laying,  and  the  whole 
batch  had  been  dried  and  re- 
immersed  3  or  4  times  without 
result. 


Experbnent  No.  XV. 

EFFECT    OF    COOLING    ON    RESISTANT    EGGS    OF 
VARIOUS    BATCHES. 

(2)    Bv    PLACING    THE    PANS  OF  WATER    IN    WHICH    THE    EGGS    WERE    IMMERSED 

IN    AN    ICE    CHEST. 

Fall  of  I'emperature  from  81"  F.  to  73°  F.     Time  in  ice  chest,  about  2  hours. 


Reference 

to  source  from 

which  the  eggs 

were  taken. 


S.  suzens 


S.  fas  a  at  a : — 
Exp.  No.  X.  . 


Exp.  No.   XII. 


Exp.  No.  II., 

No.  4 


Exp.  No.  II., 
No.  I 


Date 

when  eggs 
were  laid. 


Number 
of  eggs 

in  the 
original 

batch 
as  laid. 


27  Oct. 


8/9  Oct. 


I3/I40ct. 


24  Sept. 


18  Oct. 


70 


26.1 


From  Fertility  Experiinait : — 
B.  Ill 14  Nov.  84 


B.  IV. 

C.  I. 
C.  I. 
C.  I. 
C.  IV. 
C.  V. 


8  Nov. 
10  Nov. 
13  Nov. 
16  Nov. 
13  Nov. 
15  Nov. 


5 
31 
18 

yi 

45 
28 


Number 
which 

hatched 
within 

3  hours. 


IS 


Number 
which 

hatched 
within 

20  hours. 


I 
2 

I 

10 

2 


Number 
which 

hatched 

within 

44  hours. 


28 


82 


Notes  with  regard  to  the  previous 

history  of  the  resistant  eggs  submitted 

to  the  te^t. 


After  several  wettings  and  dryings 
had  remained  immersed  for  6  days 
without  any  hatching. 

The  whole  batch  had  been  kept 
dry  for  39  days  before  it  was  im- 
mersed. None  of  the  eggs  hatched 
in  the  3  days  that  elapsed  between 
immersion  and  cooling. 

The  whole  batch  was  kept  dry 
for  33  days  before  its  immersion. 
35  larvre  emerged  within  3  hours 
of  the  eggs  l)eing  placed  in  water, 
but  none  hatched  on  the  following 
day.  On  the  third  day  after  im- 
mersion the  water  was  cooled. 

After  4  ])eriods  of  drying  and 
wetting  which  followed  the  first 
immersion  the  resistant  eggs  had 
been  immersed  for  several  days 
prior  to  cooling. 

After  the  first  period  of  immersion 
the  resistant  eggs  were  dried  ; 
they  had  lieen  again  immersed  for 
several  days  before  cooling  took 
place.     No  effect. 

Batch  was  iminersed  for  first  time 
on  i8th  Nov.  when  27  hatched;  on 
the  igih  31  hatched;  none  on  the 
20th  ;  cooled  on  2 1st.     No  effect. 

Inmiersed  for  4  days  prior  to  cooling. 
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Experiment  Nn.  XVI. 

EFFECT   OF   COOLINCx    ON    RESISTANT    EGOS  OF 
VARIOUS    BATCHES. 

(3)  Bv  LIFTING  THE  FILTER  PAPER  ON  WHICH  THE  EGGS  WERE  LYING 
FROM  THE  WATER  AND  EXPOSING  TO  A  STROX(;  DRAUGHT  WHEN  THE 
HARMATTAN  WAS  BLOWING  (28TH  DeCEMBER),  THE  EGGS  BEIN(;  RE- 
IMMERSED    IN    THE    SAME    WATER    BEFORE    THEY    WERE    DRY. 


Reference  to 

source  from  which 

the  eggs 

were  taken. 

Date 
when 
the  eggs 
were 
laid. 

Number 
of  eggs 

in  the 
original 

batch 
as  laid. 

Number 
which 

hatched 
within 

I  hour. 

Notes  relating  to  the  previous  history  of 
the  eggs  used. 

S.  fas  data  : — 

Exp.No.II.jNo.  4 

2 1  Sept. 

32 

Used  in  Cooling  Experiment,  No.    XV. 

,,        No.  10 

12  Oct. 

4 

... 

No.  XIV. 

,,        No.  II 

13     ,> 

18 

2 

No.  XIV. 

No.  12 

14    ,> 

31 

I 

No.  XIV. 

,,         No.  14 

19     .< 

16 

I 

A  resistant  batch,  see  notes  to  E\p.  No.  II., 
No.  14. 

No.  15 

21     ,. 

23 

A  resistant  batcli,  see  notes  to  Exp.  No.  II., 
No.  15. 

/^7V//i  FcriiUfy  Expt-rinien 

t:— 

A.  II 

27  Oct. 

9 

2 

Resisted  long  immersion  and  several  dryings. 

B.  II 

3  Nov. 

35 

Used  in  Cooling  Experiment,   No.  XI\'. 

B.  Ill 

5    „ 

80 

J)                                5)                                )>                                               )> 

B.  Ill 

2    ,, 

84 

!)                             M                            !)                                          )) 

B.  IV 

II    ,, 

28 

I 

5.                                I>                                !>                                               ,, 

C.  I 

7   ,, 

30 

C.  I 

29   ,> 

21 

I 

Resisted  a  iong  period  of  immersion. 

C.  I 

3  Dec. 

23 

Resisted   long  immersion  :   2  hatched   when 
cooled  on  24th  December. 

C.  VII 

13  Nov. 

16 

2 

Used  in  Cooling  Experiment  No.  XI\'. 

C  XIX 

3  Dec. 

47 

I 

Resisted  20  days'  immersion. 
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Expert  metit  No.  XVII. 

EFFECT  OF  CHANGES  OF  TEMPERATURE  ON  THE  HATCHING 
OF  EGGS  OF  STEGOMYIA   FASCIATA. 

The  eggs  used  were  laid  on  wet  filter  paper  in  a  cage  containing 
numbers  of  adults,  between  the  dates  23rd  November  and  the  7  th 
December.  The  batch  contained  approximately  1,300  eggs*.  About  600 
of  these  (Lot  B)  were  dried  and  stored  dry  from  the  7th  December 
until  24th  March  (107)  days.  The  other  portion  (Lot  A),  about  700 
eggs,  were  at  once  immersed  in  water  without  the  filter  paper  on  which 
they  were  laid  being  allowed  to  dry. 

138  eggs  (about  20  per  cent.)  hatched  between  7th  December  and  the 
r3th;  the  batch  was,  however,  kept  immersed  until  the  24th  December, 
although  no  more  larvae  emerged. 


Details  of 

Hatching. 

Lot  a. 

Dece.mber. 

Number 

OF  EGGS 

WHICH 

HATCHED. 

Per- 

7 

S 

9 

10 

II 

12        13 

centage. 

About  700 

eggs  laid 

23rd  November 

to 
7th  December... 

8 

69 

42 

II 

3 

4           I 

138 

about  20 

Lot  A  was  then  divided  into  two  portions  :  A\,  containing  about  420  eggs 
and  shells  ;  A2,  containing  about  250.  A\  was  placed  in  a  pan  with  a 
portion  of  the  water  in  which  they  had  been  immersed  since  the 
commencement  of  the  experiment,  and  placed  in  an  ice  chest  for  90 
minutes — -the  temperature  of  the  water  falling  from  80°  F.  to  74°  F.  The 
smaller  lot,  ^2,  was  treated  similarly  as  regards  transfer,  but  the  pan  was 
placed  in  an  incubator  for  the  same  period  of  time — the  temperature  of 
the  water  rising  from  80'  F.  to  95°  F".     Eggs  hatched  as  under  : — 

Alt  "  Cooled,"  within  labours    ...  ...  ...  ...    102 

,,       2\       ,,   when  the  temperature  had 

risen  again  to  80°  F.       ...        4 

Z\       "       I 

.,       24       „        o 


Total  ...    iQ- 


about  25   per 
cent. 


*  The  difficulties  of  counting  large  numbers  of  these  small  eggs  is  considerable.  Laid 
in  scattered  but  closely  approximating  groups,  the  individual  eggs  are  often  in  contact  ; 
accuracy  in  counting  was  only  possible  at  an  expenditure  of  time  which  was  not  available 
without  sacrifice  in  other  directions. 

"*■   12  larvce  from  each  Lot,  A\  and  A2,  were  reared  under  precisely  similar  conditions  : — 
Of  the   "Heated,"     7  attained  maturity  ;     mortality  41   per  cent. 
,,       "Cooled,"    II         „  „         ;  ,>  8         ,, 
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A2*  "  Heated"  within  i-^  hours   ... 

when     the    temperature 


had  again  fallen  to  80'  F.       6 

32       '.        26 

24      >>        6 


Total  ...     40  =  about  16  per 

On  the  day  following  the  first  test,  both  pans  were  put  into  the  ice 
chest  for  2^  hours ;  the  temperature  of  the  water  fell  from  80°  F.  to 
73°  F.  ;   eggs    hatched  as  follows  : — 

Ai   "  Cooled,"  within  2^- hours     ...  ...  ...  ...        2 

2  davs  after  ...  ...  ...        i 


^2  "  Heated,"  within  2^  hours     ...  ...  ...  ...      13 

5  days  after  ...  ...  ...        i 

7  days  after  ...  ...  ...        i 

15 

Adding  these  figures  to  those  previously  obtained,  we  find  that  104 
resistant  eggs  hatched  in  response  to  cooling — about  25  per  cent,  of 
the  original  Lot  Ai  ;  of  those  submitted  to  heat  only  two  actually 
emerged  in  response  to  the  rise  of  temperature,  about  i  per  cent,  of 
the  original  Lot  A 2,  but  that  53  hatched  in  response  to  falls  of 
temperature  subsequent  to  heating — about  2 1  per  cent.  This  would  seem 
to  indicate  that  the  temperatures  employed  had  little,  if  any,  effect,  the 
actual  stimulus  being  in  both  cases  cooling  in  relation  to  the  previous 
condition. 

On  the  4th  January  Lots  Ai  and  A  2  were  lifted  from  the  water 
and  stored  dry  with  Lot  B  until  the  24th  March  (79  days).  An  examination 
of  all  three  lots  on  that  date  showed  that  the  number  of  eggs  or  shells 
in  each  lot  had  been  reduced  by  10  to  15  per  cent.,  either  owing  to 
eggs  becoming  detached  from  the  paper  on  which  they  were  laid  or, 
as   I    think,    from    the    depredations    of   Psocidce. 

The  three  lots  were  immersed  in  separate  pans  on  the  24th  March, 
cooling  in  an  ice  chest  being  resorted  to  as  opportunity  occurred.  The 
dates  on  which  cooling  took  place  are  indicated  by  an  asterisk.  The 
fall  in  temperature  of  the  water,  which  placing  in  the  ice  chest  caused, 
was  generally  about  6°  or  8°  F. 

On  the  19th  April  the  experiment  had  to  be  closed,  owing  to  an 
accident. 

At  this  point  the  influence  of  cooling  is,  however,  sufficiently  obvious 
for  all  practical  purposes,  although  its  effect  differs  in  detail  as  regards 
Batch  A  (i  and  2)  on  the  one  hand,  and  Batch  B  on  the  other,  probably 

*   12  larvae  from  each  lot,  Ai  and  A2,  were  reared  under  precisely  similar  conditions  : — 
Of  the   "Heated."  7  attained  maturity;    mortality  41   per  cent. 
„       "Cooled,"  II  ,,  J,  )  „  ^         >j 
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because  the  less  resistant  eggs  had  not  been  weeded  out  of  the  latter  batch 
by  immersion  prior  to  storing. 

Dates  of  hatchjng  of  Lot  B  and  the  balance  of  the  resistant 
EGGS  OF  Lots  A\.  and  A2. 


Lot 

March. 

April. 

25    26    27 

28 
17 

29 

I 

6 

30 

2 
2 

2 

I 

5 
I 

I 
I 

7 

I 
2 
I 

8 
2 

9 
I 

10* 

7 
16 

32 

II 

3 

4 

22 

I2t 

41 
23 

3 

13 

12 

3 

5 

14 
3 

3 

15 

I 

16 
2 

18: 

6 

I 
4 

19 

A\    (cooled)... 
Az  (heated)... 
B  (stored  dry) 

IC9 

10 

I 
15 

16 

3 
3 
5 

*  On  the  loth  April  the  eggs  hatched  within  I  hour  of  the  coiiiniencement  of  the  cooling. 
t  The  second  cooling  on  the  I2th  April  was  slight,  the  fall  being  only  3°  or  4°  F..  but  it 
was  long  continued,  lasting  5  hours. 

X  The  third  cooling  on  the  i8th  April  was  for  i  hour,  the  fall  being  from  85°  F.  to  74'  F. 

The  final  figures,  although  only  approximate,  are  worth  consideration. 
Of  Batch  A,  20  per  cent,  hatched  on  first  immersion.  Of  the  cooled  resistant 
eggs  {Ai).,  27  per  cent,  had  hatched  before  they  were  dried  and  stored;  22 
per  cent,  hatched  subsequently,  or,  altogether,  49  per  cent.  Of  the  heated 
resistant  eggs  {_A2\  22  per  cent,  hatched  before  and  22  per  cent,  after  drying 
and  storing ;  altogether  44  per  cent. 

The  total  number  of  Batch  A  which  hatched  is  therefore  64  per  cent., 
while  of  Batch  B  41  per  cent,  hatched  up  to  the  time  of  the  accident. 

Of  the  totals,  36  per  cent,  of  A  had  hatched  in  response  to  lowered 
temperature,  and  of -5,  9  percent. 


The  evidence  afforded  by  these  experiments  seems  fairly  con- 
clusive testimony  that  "  cooling  "  is  an  important  stimulus  to  hatching, 
and  most  probably  is  the  effective  factor  when  eggs  are  dried  and 
re-immersed,  or  when  fresh  water  is  added  to  the  pan  containing 
the  eggs. 

It  is  to  be  noted  that  there  is  an  underlying  cf)nstitutional 
variability  which  withholds  some  of  the  eggs  from  hatching  in 
spite  of  the  stimulus.  This  appears  to  be  of  a  zone-like  character  ; 
that  is  to  say,  repetition  of  the  stimulus  at  short  intervals  is  less 
effective  than  if  it  is  again  applied  after  a  greater  lapse  of  time. 

A  further  complexity  arises  from  the  fact  that  the  zone-like 
character  of  this  constitutional  resistance  to  stimuli,  together  with 
the  resting  habit  as  a  whole,  may  be  suspended,  with  the  exception 
of  a  small  percentage  of  eggs,  if  certain  conditions  pi-evail  at  or 
about  the  period  of  incubation. 
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The  experiment  (No.  X\^III.)  performed  to  elucidate  Question  (7) 
was  only  planned  and  carried  through  at  a  late  stage  of  the  research 
when  time  did  not  permit  of  its  repetition.  The  evidence  it  affords 
is,  however,  so  definite  and  conclusive,  with  regard  to  the  deter- 
mining powers  of  drought  or  humidit}-  (subsequent  to  incubation) 
either  to  bring  the  resting  habit  into  action  or  to  allow  it  to  remain 
latent,  that  the  only  point  remaining  to  be  sohed  would  seem  to  be 
whether  the  effect  is  invariable  and  relates  to  all  eggs  laid  or  if  it 
is  occasional  only,  relating  possibly  to  a  seasonal  change  in  the 
constitution  of  the  eggs.  An  answer  on  this  last  point  would  recjuire 
a  series  of  experiments  carried  out  at,  sa\',  monthly  intervals  and 
continued  over  a  period  of  18  months  to  2  years. 


Experhnent  Xo.  XVIII. 

IMPORTANCE  OF  DRY  OR  HUMID  CONDITIONS  AS 
FACTORS  IN  INDUCING  THE  IMMEDIATE  OR 
DEFERRED     HATCHING     OF     EGGS. 

A  pan  of  water  with  two  strips  of  filter  paper,  one  end  of  which  dipped 
into  the  water,  while  the  other  hung  over  the  rim,  was  placed  in  a  cage 
where  females  of  S.  fasdata  were  laying  freelw  0\er  400  eggs  were 
deposited  on  the  filter  paper  during  the  night  of  the  loth  April.  The  pan, 
with  the  eggs  undisturbed,  was  then  placed  in  a  moist  chamber  (saturated 
atmosphere)  for  50  hours  to  allow  the  eggs  to  incubate.  A  few  of  the  eggs 
that  were  exactly  on  the  water  level  or  partly  submerged,  hatched. 

The  unhatched  eggs  were  then  divided  into  lots,  one  of  which,  Lot  .J, 
containing  192  eggs,  was  immediately  immersed  in  a  pan  of  water.  1S9  of 
the  eggs  hatched  within  30  minutes.  The  3  resistant  ones,  which  were  short, 
stumpy  eggs,  were  kept  immersed  for  10  days  ;  they  were  then  dried  and 
partly  collapsed.  They  were' again  immersed  for  another  20  days  and  then 
dissected.  Two  contained  dead  larvae  and  from  the  other  a  living  larva  was 
extracted. 

The  other  portion  of  the  batch,  Lot  B,  containing  193  eggs,  was  allowed 
to  dry  on  the  bench.  By  the  next  day  the  number  had  been  reduced  to  168, 
owing  to  the  attacks  of  Psocidce  (a  species  belonging  to  the  genus  Clothilla). 
Of  this  168,  43  were  more  or  less  collapsed.  (To  a  greater  or  less  extent  this 
collapsing  may  have  been  due  to  the  Psocidie  perforating  the  eggs.) 

Lot  B  was  divided  into  : — 

B\.   Containing  86  eggs  (15  of  which  were  more  or  less  collapsed). 
These  were  immersed  after  24  hours'  drying. 

B2.   Containing  82  eggs  (28  of  which  were  more  or  less  collapsed). 
These  were  immersed  after  7  days'  drying. 

The  pans  containing  B\  and  B2  were  kept  together  and  treated  exactly 
alike  as  regards  "cooling."' 


so 


Results. 


i?i. — 86  eggs,    15  of  which  were   more  or  less  shrunken,  were  immersed 
atter  24  hours'  drying  on  the  14th  April. 


D.\TE     OF     HATCHING. 

Total 

WHICH 
HATCHED. 

Pek- 

CENTAGE 

WHICH 
HATCHED. 

Lot  Bi. 

Al'RlI.. 

May. 

June. 

15 

28 
12 

12 

4 

19 

20 

I 

21 

5 

I 

10 
2 

II 

8 

12 

I 

14 
II 

16 

4 

18 

5 

19 

5 

Immersed 
14th  April  ... 

18 

72 

84 

Remaining  eggs  dissected  21st  June  and  found  to  be  dead. 

B2. — 82  eggs,  28  of  which  were  more  or  less  shrunken,  were   immersed 
after  7  days'  drying  on  the  20th  April. 


Lot  i>'2. 


Immersed 
20th  April 


D 

\TE 

OF 

HATCHING. 

Total 

WHICH 
HATCHED. 

April. 

May. 

•June. 

21 

35 

28 

12 

19 

I 

20 

21 

2 

5 

10 

II 

6 

12 

14 

16 

18 

i9 

44 

Per- 
centage 

WHICH 
HATCHED. 
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The  remaining  eggs  and  eggshells  of  T.ot  B2  were  counted  and  carefully 
examined  on  the  5th  July  : — 
59  had  uncapped, 
3  had  collapsed, 

8  apparently    sound     eggs    were    dissected  : — 6   contained    /iviiig 
larvae,  i  a  dead  larva,  i  was  infertile. 
The  remaining  more  or  less  shrunken  eggs  contained  dead  larvfe. 
The  only  feasible   way   of  accounting  for  the  discrepancy    between   the 
larval  record  and  the  shells  is  to  suppose  that,  although  a  number  of  the  eggs 
uncapped,  the  larvae  failed  to  get  free,  a  by  no  means  unusual  occurrence,  but 
the  number  (15)  in  this  instance,  is  rather  high,  in  relation  to  the  size  of  the 
batch. 


Remarks  and  Notes. 

On  the  28th  April  and  the  12th,  19th  and  20th  May,  the  pans  containing 
the  eggs  were  placed  in  an  ice  chest,  the  temperature  of  the  water  falling 
about  10°  F. 

On  the  20th  May,  after  the  cooling,  both  lots  were  dried  : — 
Of  Bi,     31  eggs  retained  their  full  shape. 
»    ^2,     II  „ 

Both  lots  were  again  immersed  and  put  out  of  doors  for  the  night  to  cool 
the  water. 
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On  the  3rd  June  botli  lots  were  again  dried : — 

Of  B\,     36  eggs  retained  their  full  shape. 

„    ^'/.      13 
Both  lots  were  again  immersed. 

On  the  5th  June  and  following  days  the   pans   were  placed   out   of  doors 
each  evening  so  that  the  water  might  be  cooled  at  nigiit. 


Experiment  No.  XIX. 

ACilTATIOX  OF  THE  WATER  AS  A  FACTOR  IX   HATCHING.* 

Mitchell  (3907)  states  that  Dupree  found  agitation  to  be  a  factor  in  the 
hatching  of  ova  of  species  of  mosquitoes  other  than  Anopheles,  which  deposit 
their  eggs  singly.!  It  was  noticed  that  disturbance  of  water  in  which  eggs 
were  placed  was  coincident  with  the  appearance  of  newly  hatched  larv^  of 
S.  fasciafa,  but  the  phenomenon,  being  only  of  occasional  occurrence,  was 
rejected  as  a  cause  of  hatching,  in  favour  of  the  view  that  the  agitation 
merely  made  larv^  that  had  been  recently  hatched  show  themselves,  trial 
stirrings  giving  no  consistent  results.  Upon  reading  Mitchells  statement,  the 
following  experiments  were  carried  out  : — 

A  batch  of  eggs  laid  4  or  5  weeks  previously,  which  had  been 
dry  for  3  weeks,  was  placed  in  water — temperature  about  73^  F. 
150  to  200  hatched  within  a  few  minutes,  and  by  next  morning  50 
to  70  more  larvffi  were  out.  After  an  interval  of  6  or  8  hours, 
during  which  none  of  the  remaining  eggs  hatched,  the  water  was 
agitated  by  shaking,  i  larvae  emerged  and  died.  After  a  period  of 
20  hours,  during  which  no  more  eggs  hatched,  the  water  was  again 
agitated  by  a  violent  shaking.  None  of  the  eggs  hatched.  After 
28  hours  the  water  containing  the  eggs  was  placed  out  of  doors  to 
try  the  effect  of  cooling — none  of  the  eggs  hatched. 

*  Experiments  now  in  progress  show  that  the  contamination  of  water  in  which  the  eggs 
are  lying  has  a  marlced  effect  on  their  hatching.  Two  trials  performed  since  the  MS3.  went 
to  press  will  serve  to  illustrate  this  clearly. 

Into  each  of  two  glass  pans,  containing  100  cc.  of  tajs  water  at  65  to  70'  F.,  \va>  jilaced 
one  half  ot  a  slip  of  paper  with  upwards  of  400  eggs  of  S.  Jasiinta  on  it,  there  were  approx- 
imately 200  eggs  in  each  pan.  To  one  pan  (.-/)  was  added  3  cc.  of  water  from  a  beaker 
which  had  been  allowed  to  incubate  at  97"  F.  for  48  hours  with  a  fragment  of  human  fvces 
in  it.  This  water  was  thick  and  brown  with  the  cliaracterisiic  smell.  To  the  other  pan  (/V) 
nothing  was  added. 

After  4  hours  14  Iarv:\;  had  em-rged  in  pan  A,  none  in  B. 
,,  20  „  127  „  were  swimming  „  ^,  and  6  „  B. 
,,.  70       „     136      „         ,,  „  .,         --^,    .,  42  „  B. 

The  experiment  was  repeated,  using  fresh  horse  dung  in  place  of  human  fvccs. 

No  larv;t  emerged  in  the  first  hour. 

After  1 8  hours  148  larva;  had  emerged  from  the  eggs  in  pan  .4  (contaminated  water)  and 
1 1  in  pan  B  (tap  water  only''. 

3  cc.  of  the  manure  water  was  then  added  to  ]ian  B.  After  18  hours  159  larv;\;  had 
emerged,  the  stage  of  their  growth  suggesting  that  they  had  emerged  within  an  hour  or  two 
of  the  addition  of  the  manure  water. 

Furiher  and  more  exact  experiments  with  sterilized  eggs  and  (luics  arc  now  lieing  carried 
on  l>y  Dr.  E.  E.  Atkin  and  myself.  These,  while  supporting  the  al>o\e  tesis,  suggest  that 
the  results  are  due  to  bacterial  action.  Under  certain  contlitions  eggs  will  not  hatch  while 
the  fluid  in  which  they  are  immersed  remains  sterile,  but  the  infectiim  of  the  fluid  with 
bacteria  causes  the  larva;  to  emerge  within  a  few  hours. 

t   "Mosquito  Life"   (Page  26).  Evelyn  Gioesbeeck  Mitchell.      G.   P.   Putnam  t\:   Sons, 
New   York  and   London,   1907. 
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Time  did  not  permit  of  the  experiment  being  followed  furtfier.  A  second 
trial  was  made  with  a  large  batch  of  eggs  laid  4  months  previously.  The 
batch  was  divided  into  two  portions  ;  both  lots  were  immersed  in  beakers 
containing  200  cc.  of  water.  Hundreds  of  larvai  emerged  within  a  few 
hours.  After  24  hours  had  elapsed,  hatching  had  dechned  to  a  minimum 
and  6  hours  later,  no  larvfe  having  emerged  in  either  beaker,  one  of  them 
was  vigorously  shaken  while  the  other  was  placed  out  of  doors  for  the 
night.  Next  morning  8  larvae  had  emerged  from  the  eggs  in  the  cooled 
beaker  :  none  had  emerged  in  the  one  which  had  been  shaken.  The  shaking 
and  cooling  were  repeated  48  hours  later,  but  none  of  the  eggs  hatched, 
and  a  later  repetition  was  also  ineffectual  in  both  cases. 

Time  did  not  permit  of  the  experiment  being  carried  further.  These  trials 
cannot  be  considered  as  conclusive,  but  they  suggest,  if  Experiments  Nos. 
«XIV.  to  XVL  are  also  taken  into  account,  that  agitation,  if  a  stimulus  to 
hatching,  is  less  effectual  in  compelling  larva;  within  the  eggs,  which  have 
not  yet  reached .  their  hatching  zone  or  period,  to  emerge,  than  cooling. 


Experiment  N'o.  XX. 

EXPERIMENTS  RELATING  TO  THE  PERIOD  DURING 
WHICH  THE  EGGS  OF  STEGOMYIA  FASCIATA 
RETAIN     THEIR     VITALITY     WHEN      OUT      OF     WATER. 

The  eggs  laid  on  a  filter  paper  or  fallen  leaves  of  the  cottonwood 
tree  were  placed  in  wire  gauze  tubes  or  paper  envelopes.  In  som.e  cases,  after 
the  paper  envelopes  were  placed  in  wire  gauze  tubes,  these  were  again  covered 
with  paper  in  an  attempt  to  exclude  small  predatory  insects,  such  as  ants, 
which  could  get  through  the  mesh  of  the  wire  gauze.  In  spite  of  all  pre- 
cautions, however,  the  intended  comparative  statistical  form  of  the  experiments 
was  vitiated  owing  to  the  ravages  of  one  of  the  Psocidce  (book  lice),  a  species 
belonging  to  the  genus  Clothilla.  In  many  cases  only  a  few  out  of  hundreds 
of  eggs  stored  remained  to  be  tested,  while  in  experiments  where  the 
destruction  was  less  obvious  it  was  impossible  to  form  any  estimate  of  the 
percentage  of  mortality  due  to  long  storage,  apart  from  the  attacks  of  these 
insidious  little  foes.  As  a  consequence,  the  experiments  only  afford  evidence 
of  tht;  period  during  which  the  eggs  remain  viable  under  various  conditions, 
and  not  of  the  percentage  which  survive. 

The  tests  were  designed  to  fall  into  two  Sections  :  \A)  in  which  the  eggs 
were  exposed  to  the  weather,  and  {B)  where  they  were  under  cover.  This 
plan  had  to  be  modified,  however,  to  prevent  the  loss  of  eggs  due  to  their 
being  washed  away  by  heavy  rain,  or  to  their  hatching  in  small  accumula- 
tions of  water  on  the  leaves  or  paper  on  which  they  rested. 

During  the  dry  season  the  tubes  containing  the  eggs  in  Section  A  were 
not  sheltered  from' sun  or  rain.  An  examination  early  in  March  showed  that 
where  paper  coverings  were  used  they  had  been  eaten  into  holes  by  snails  and 
millipedes,  while  both  ants  and  Psocidce  had  penetrated  into  the  envelopes 
containing  the  eggs.  In  cases  where  no  envelopes  or  paper  coverings  to  the 
tubes  had  been  used,  many  of  the  eggs  had  either  fallen  off  or  had  been 
washed  oft'  by  late  rains,  and  in  a  number  of  cases  eggs  had  hatched.  \Vith 
the  oncoming  of  the  rains  further  instances  of  eggs  hatching  on  wetted  p;iper 
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occurred,  and  it  was  found  necessary  to  cover  the  eggs  with  inverted  tins  to 
guard  against  further  flooding. 

In  a  few  instances  only  was  it  possible  to  follow  up  separately  the 
larvae  which  hatched  from  different  batches.  Where  time  did  not  permit  of 
this  they  were  turned  into  a  common  breedmg  pan,  from  which  large  numbers 
of  normal  adults  were  reared.  The  tests  dealing  with  the  viability  of  the 
eggs  were  carried  out  in  the  same  places  as  those  dealing  with  the  length 
ot  adult  life.  Charts  giving  curves  of  temperature  and  humidity  for  these 
situations  v.-ill  be  found,  with  short  descriptive  notes,  in  the  Experimental 
Series  No.  XXX\'.,  on  pages  64  and  92  to   10 1. 

Section  A. 

Pen  in  Hospital  Compound. 

Eggs  laid  on  leaves  and  filter  paper,  not  placed  in  envelopes  and  tube  not 
covered  with  paper — only  a  few  eggs  remained  to  be  tested  : — 

Batch  I.  —  Laid  during  December  ;  immersed  iSthJune.      i  hatched 
within  24  hours,  two  or  three  others  emerged  within  the  next 
two  or  three  days  ;  one  of  these  died  in  its  first  skin  shortly 
after  emergence. 
]'itaIitY  retained  for  170  to   iSo  daxs. 

Batch  2. — Laid  during  December,  immersed  iSth  June,     i  hatched 
on  the  1 8th,  i  on  the  19th,  i  on  the  20th  and  1  on  the  21st. 

J'ita/itv  retained  for   170  to   iSo  days. 

One  of  the  larvie  pupated  on  the  6th  day  after  immersion  ;  a  male  and  a 
female  emerged  on  the  8th  day.  Other  specimens  emerged  later  ;  the  last  to 
emerge  was  a  male  which  took  1 1  days. 

Eggs  laid  during  January,  on  filter  paper  and  placed  in  an  envelope 
were  also  immersed  on  the  iSth  June,  but  failed  to  hatch. 

Under  Pen  in  yard  at  26,   ]]'estino/riand  Street. 

Laid  on  leaves  and  filter  paper,  not  placed  in  an  envelope  and  the  tube 
not  covered  with  paper  until  commencement  of  the  rains  : — 

Batch   I. — Laid  during   Deceml^er,  immersed  20th  June.      2   hatched 
on  the  day  after  immersion  ;    i  larva  died  within  an  hour  or  two  ; 
three  or  four  were  hatched  within  the  next  few  days. 
Vitality  retained  for  175  to   180  daxs. 

Batch  2. — Laid  during  December;  immersed  23rd  June.  None 
hatched  on  the  day  of  immersion,  but  several  on  the  succeeding 
days. 

Vitality  retained  for  175  to  180  days. 

Two  males  and  one  female  emerged  within  7  days  of  the  immersion  of 
the  eggs  and  two  females  on  the  8th  day. 

Batch    3.— Eggs    laid    during   January,    on    filter    paper     placed     in 
an  envelope  which  was  kept  in  a   paper-covered  tube.     Only  36 
out  of  several   hundred  eggs   remained.     Immersed   23rd   June  ; 
7  hatched  next  day,  7  on  the  second  and  2  on  the  third  day. 
Vitality  retained  for  145   to   150  days. 
Development  of  larv^  not  recorded. 
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On   Groinid  in  Alosguito  House. 

Laid  during  December  on  leaves  and  filter  paper,  not  placed  in  an 
envelope  and  the  tube  not  covered  with  paper  until  the  commencement 
of  the  rains. 

Immersed  13th  July;  one  hatched  the  following  day;  no  more  emerged 
during  the  week  that  the  trial  was  continued. 
Vitality  retained  for  195   to  200  days. 

Eggs  laid  on  filter  paper   and    placed  in  an  envelope    which    \\as   kept 
in  a  paper  covered  tube  : — - 
Immersed   13th  July. 

I    hatched  within    24  hours. 

4  M  ))        72        ,, 

I  „  ,,      120        ,, 

Vitality  retained  for   165   to   170  days. 

Eggs  laid  during  December  on  filter  paper  and  placed  in  envelopes, 
but  not  placed  in  tubes  or  again  covered  with  pai)er  : — 

(i)  A  batch  of  eggs  laid  during  December  on  filter  paper  was  placed 
in  water  for  24  hours  and  the  eggs  which  did  not  hatch  were 
dried  and  stored. 

Immersed  20th  July. 

I   hatched  within   2   hours. 


7 

)) 

)5 

48 

2 

5) 

M 

72 

2 

)' 

5) 

I   20 

I'italifv  retained  for  200  days. 

{2)  Laid  during   December  on  filter  paper  and  stored  in  an  envelope 

without  previous  immersion. 
Immersed  20th  July. 

53  hatched  within    2   hours,  7   larvre  died  within   a   few  hours  of 

hatching. 
165         ,,  ,,      24       ,,     ,  12  larvK  died  within  a  few  hours  of 

hatching. 
52  ,,  J)     48       ,,     )  4  larvae  died  within  a  few  hours  of 

hatching. 
24         ,,  „      72 

2  ,,  „      120 

Vitality  ?-etained  for  2co  days. 

(3)  Laid  during  December  on  filter  paper  and  stored  in  an   envelope 

without  previous  immersion. 
Immersed  20th  July. 

20  hatched  within    2   hours. 
6  •,  •,       24     ,, 

Vitality  retained  for  200  days. 
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Section  B. 

Eggs  Stored  in  J^it  in  tlie  Mosquito  House. 

Laid  during  December  on  leaves  and  filter  paper,  not  placed  in  envelope, 
tube  uncovered  : — 

Immersed  6th  July. 

(i)   I   hatched  within   an  liour. 
Vitality  retained  for  187  days. 

(2)  Laid  7th  to   14th  December. 
Immersed  6th  July. 

I   hatched  within  an  hour. 

4         ,,  ,,       24  hours. 

3  ?!  5)       4*^        )j  ■  ■ 

I  "   .  "       '^ 

Vitality  retained  for  204  days. 

Laid  on  filter  paper  during  January,  placed  in  an  envelope  which  was 
kept  in  a  paper  covered  tul)e. 

Immersed  6th  July,   l)ut  failed  to  hatch. 

Eggs  laid  on  filter  paper  and  kept  in  paper  envelopes  in  the  animal  house 
until  3yst  December,  then  stored  in  the  mosquito  house  pit  : — 
(i)  Laid  20  23  October.     Immersed  21st  May. 

About  one  dozen  eggs  of  full  and  sound  appearance  remained. 
2   hatched  within  2  hours. 
I        ,,  after  17  days'  immersion. 

5       "  "     "^      "  )> 

Vitality  retai/ied  210  davs. 

(2)  I^aid  24/26  October.       Immersed  6th  July. 

Only  6  eggs  of  full  and  sound  appearance  remained  out  of 
about  100  stored  :  there  were  many  collapsed  eggs,  and  signs 
of  attack  by  FsocidcE  were  evident.  None  of  the  eggs  hatched 
during  a  period  of  to  days'  immersion.  On  dissection,  i  li\ing 
larva  and  2  dead  ones  were  extracted,  the  other  3  eggs  collapsed 
while  in  the  water. 
Vitality  retained  260  days. 

(3)  Laid  during  November.      Immersed  25th  July. 

I  hatched  within  48  hours. 
I        „  ,,6  days. 

J'itality  retained  240  days. 

Eggs  laid  on  filter  paper  and  kept  in  paper  envelopes  in  the  animal  house 
until  31st  December,  then  placed  on  ground  in  mosquito  house  under  an 
inverted  tin  : — 

Laid  29th  October — 5th  Xoveml)er.      Immersed  T4th  July. 
I  hatched  within  24  hours. 
Vitality  ?rtained  250  days. 

No  more  hatched  during  10  days'  immersion.  On  dissection  a  number 
of  eggs  were  found  to  contain  dead  larvae. 

A   tin   containing  leaves    and   filter   paper  on   which   eggs  had  been  laid 
during  January  was  left  open  on  the  Laboratory  bench  from  January  until  the 
end  of  June  ;  it  was  then  filled  with  water — 11  adults  were  reared. 
Vitality  retained  for  140  days. 
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An  attem])t  was  made  to  test  the  effect  of  exposure  to  the  sun  on  eggs 
laid  in  tins  and  on  leaves  lying  in  tins.  They  were  placed  on  the  ground 
under  a  wire  gauze  pen  in  a  part  of  the  hospital  compound  which  received 
full  sunlight  from  lo  a.m.  to  4  p.m.  The  eggs  were  laid  in  December  and 
the  exposure  commenced  on  the  31st  of  that  month,  but  the  experiment 
came  to  an  untimely  end  in  January  owing  to  the  curiosity  of  the  son  (aged  5) 
of  a  German  prisoner  (his  mother  was  a  patient  in  the  Hospital). 

A  second  attempt  was  made  after  his  departure  in  February.  Three  tins 
and  a  glass  jar  in  which  eggs  had  been  laid  during  January,  either  on  the 
sides  or  on  dead  leaves  contained  in  them,  were  exposed.  Water  was  poured 
into  these  receptacles  on  the  5th  June. 

Eggs  hatched  in  one  of  the  tins  only,  and  several  Stegomyia  Jasciata  were 
reared  by  the  middle  of  June. 

^'[Al!ILnv  OF  Eggs  of  Stegomyia   fasciata  laid  in  Sierra  Leone 

AND    BROUGHT    TO    ENGLAND. 

Eggs  from  all  these  batches  had  been  tested  from  time  to  time  in  Freetown 
and  viability  had  been  proved  for  from  4  to  6  months. 

Laid  20th  to  23rd  Oct.,  1914.  Lnmersed  ist  Sept.,  1915.  Failed  to  hatch. 
„     24th  to  26th     „         „  ,,  „  „  „ 

„     26th  to  29th     „         „  „  „  „  „ 

„     5th  to  13th  Nov.        „  „  „  „  „ 

Laid  15th  January,  1915.  Immersed  i6th  Sept.,  1915.  Two  hatched 
within  24  hours. 

This  was  a  large  batch  laid  on  filter  paper,  which  had  become  so  firmly 
attached  to  the  tin  sides  of  the  breeding  pan  that  on  drying  it  could  not  be 
detached  without  scraping.  'Lhe  tin  was  cut  up  and  portions  with  the  undis- 
turbed eggs  on  them  were  immersed.  The  two  eggs  that  hatched  only 
represent  a  small  percentage  of  the  eggs  tested  ;  certainly  not  more  than 
2  per  cent. 

Laid  June-July,  1915.     Immersed  1 6th  September,  1915.     Hatched  freely. 

Laid  during  July,  191 5,  on  wood.  Immersed  20th  October,  1915.  Hatched 
freely  within  2  hours  of  immersion. 

Laid  during  January  on  filter  paper  that  became  firmly  attached  to  the 
side  of  a  tin.  Immersed  20th  October,  191 5.  Hatched  freely  within  2  hours 
of  immersion.      I'italiiy  retained foj-  262  days. 


Experiment  No.  XXI. 

TEMPERA'I'URES  WHICH  EGGS  OF  STEGOMYIA  FASCIATA 
ARE    ABLE    TO    WITHSTAND. 

It    was    found    at    Freetown    that    eggs   easily  survived  a  day  or  two  at 
blood  heat,  97"  F.,  but  more  extreme  tests  were  not  practicable. 
The  following  tests  were  carried  out  at  the  Lister  Institute  : — 

First  Test. 

Eggs  laid  June-July,   1915,    at    Freetown    on    slips    of   filter    paper    and 
brought  to  England  in  a  wooden  box, 
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A  slip  was  divided  and  one  portion  was  kept  in  an  incubator  at  i05"8°  F. 
for  48  hours ;  the  other  portion  was  liept  at  room  temperature,  65^  to 
70'  F.  On  immersion  the  eggs  on  the  slip  placed  in  the  incubator  failed 
to  hatch,   while  those  on  the  control  slip  hatched  freely. 


Seco/id  Test. 

A  slip  was  divided  into  four,  and  the  eggs  on  the  several  portions  were 
submitted  to  the  following  conditions  for  24  hours,  the  eggs  submitted  to 
heat  were  placed  in  a  moist  cell.  At  the  expiration  of  the  24  hours 
all  were  immersed  in  water  at  about  64"  F. 


After  immersion  at  64°  F. 

2  hours. 

24  hours.                ,                72  hours. 

1 

Incubator  at  1076^  F. 

1 

Hot  room  at  96-8°  F. 

I  hatched 

40  per  cent,  hatched.   70  per  cent,  hatched. 

Incubator  at  78'  F.  ... 

A  number 

70                   ,,                             ,,                    75                    M                            5J 

Cold  room  at  28'  F.  ... 

I  hatched 

20         „              „          25          „              „ 

1 

Third  Test.  '  -  ■ 

A  large  batch  of  eggs  laid  during  June  and  July  in  Freetown  were 
placed  in  the  cold  room  of  the  lister  Institute  on"  the  x8th  September, 
and  submitted  to  a  temperature  of  28'  to  30°  F.  for  25  days:  they  were 
then  placed  in  water  at  65"  F.,  subsequently  raised  to  75'  F.  ;  none  hatched, 
but  eggs  of  a  control  batch,  kept  at  65'-7o°F,  did  so. 


Fourth   Test. 

A  batch  of  eggs  laid  on  filter  paper  in  London  by  specimens  reared  from 
Freetown  eggs  was  divided  into  four  lots ;  these  were  kept  for  24  hours  at 
29°-3o°  F->  75'  F-.  95"  t-,  ^"d  102'  F.  respectively  They  were  then  placed 
in  water  at  65'  F.  and  gradually  raised  to   75'  F.  after   20  hours'  immersion. 

Of  the  lot  submitted  to — ■ 

29'-3o'  F.,  50  out  of  69  hatched  =  72  per  cent,  (one  larva  died). 


75" 

F., 

6 

!1 

50 

)? 

=  12 

95 

K, 

10 

I' 

53 

)) 

=  19 

102 

^■, 

none 

)> 

50 

•) 

The  pans  of  water  containing  the  eggs  were  then  allowed  to  cool  down 
to  65'  F.  and  examined  after  4  hours.     Of  the  lot  submitted  to — 
29^-30°  F.,      6     had  hatched  =    9  per  cent. 
75"  F.,  20       „  „         =40         „ 

95°  F.,  none     „ 

102°  F.,  I        „  „         =    2         „ 
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The  pans  were  again  kept  at  75°  F.  and  examined  after  76  hours,     Of  the 
lot  submitted  to — 

29°-3o°  F.,  none  had  hatched. 
75°  !''•>  2         „  ,,        =   4  per  cent. 

95°  F.,  I         „  „         =    2         „ 

102°  F.,  3        V  ,,        =    6        „  (and  were  dead). 

The  pans  were    again    allowed  to   cool    to  65°  F.  and  left.     Of  the  lot 
submitted  to — 

29°-3o'  F-,  none  had  hatched. 
75°  F.,  3         „  ,,         =6  per  cent. 

95°  F.,  I        „  „        =    2        „ 

10 :°  F.,  none     ,,  ,, 

The  pans  were  again    placed  at   75°  F.    and  examined   20  hours    later. 
Of  the  lot  submitted  to  — 

29°-3o°  F.,  none  had  hatched. 
75°  F.,  8         „  ,,         --=-    16  per  cent. 

95°  ¥.,  none     „ 

102°  F.,  I         „  „         =2 

The  pans  were  again  allowed    to    cool  to  67"  F.     and  left  for  4  hours 
Of  the  lot  submitted  to — 

29°-3o°  F.,  none  had  hatched. 
75"  F.,  I         „  ,,  =2  per  cent. 

95°  F.,  3         „  „  =    6         „ 

102°  F.,  I         ,,  „         =    2         ., 


No  further  hatching  occurred  within  a  period  of  4  days. 

Result. 


Temperature  to  which 

eggs  were  submitted  for 

24  hours. 


Number  of  eggs 
tested. 


Hatched  within 
128  hours.. 


29°-30°  F. 

75°  F. 

95°  F. 

102"  F. 


56  =  81  per  cent. 

40  ---  So 

15  =  28  „ 

6  =  12 


F////i   Test. 

Effect  of  heat  before  incubatio:"!. 

A  batch  of  eggs  that  had  been  laid  not  more  than  fifteen  or  sixteen  hours 
was  submitted  to  97"  F.  for  thirty  minutes.  The  batch  was  then  divided,  half  the 
eggs  were  subjected  to  a  further  rise  of  temperature  to  ii4"8"  F.  for  thirty 
minutes.  Both  lots  were  then  stored  dry  for  a  few  days  at  about  65°  F.  and 
then  placed  in  water.  All  the  eggs  heated  to  11 4-8°  F.  completely  collapsed, 
and  no  larvK  emerged,  while  most  of  the  control  eggs  hatched. 
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Experime?if  No.  XXII. 
ENEMIES  IN  THE  EGG  STAGE. 

Under  natural  conditions  there  are  probably  many  more  enemies  of 
this  stage  than  appear  when  the  eggs  are  stored  under  artificial  conditions 
and    protected   against   the   attacks  of  vertebrates   and    the    larger   insects. 

It  is  likely  that  some  species  of  small  bird  may  search  out  and 
devour  the  eggs  in  a  similar  manner  to  the  Tits  which  destroy  such 
multitudes  of  eggs  of  the  winter  moths  in  Northern  Europe.  Predaceous 
beetles  and  beetle  larvae  possibly  take  toll,  but  no  actual  evidence  of 
any    of  these    attacks    was    forthcoming. 

In  captivity  eggs  stored  out  of  doors  were  lost  owing  to  the  disturbing 
action  of  millipedes  and  woodlice,  which  gnawed  the  paper  on  which 
the  eggs  were  laid,  and  to  which  they  were  somewhat  loosely  attached, 
but  here  again  neither  observation  nor  circumstantial  evidence  suggested 
differential  action  of  such  large  enemies,  which  should  have  been  apparent  if 
the  eggs  were  used  as  food.  The  same  kind  of  loss  to  stored  eggs 
occurs  when  they  are  laid  on  leaves,  though  this  is  probably  chiefly 
due   to    bacterial   action    rotting   the   surface   of  the   leaf  in  damp  weather. 

Ants  might  be  expected  to  seek  out  and  carry  off  the  eggs,  but  all 
the  evidence  both  general  and  experimental  is  entirely  negative.  It 
seems  almost  certain  that  the  eggs  must  in  some  way  be  rendered  distasteful 
to  them,  otherwise  it  is  impossible  to  understand  how  the  species  of 
mosquitoes  which  rely  on  drought  resisting  eggs  to  tide  over  the  dry 
season,  could  possibly  survive  in  the  face  of  the  omnipresent  activity 
of  these    insects    in    their   search    for    food. 

Indifference  alone  is  hardly  a  sufficient  reason  for  the  passing  over 
of  eggs  by  a  species  of  ants,  one  of  which  was  detected  in  the  act  of 
laboriously    carrying    away    a    shred    of   aluminium    foil. 

The  disappearance  of  eggs  from  boxes  with  such  close-fitting  lids 
that  no  ant  could  enter  contrasted  with  the  fact  that  they  might  be  left 
uncovered  on  the  Laboratory  bench  for  days  without  interference,  although 
ants  were  continually  searching  for  and  carrying  away  dead  insects  or 
any  dried  scraps  of  insects  that  might  be  about.  This  led  to  the  following 
experiments,  which  prove  conclusively  that  a  species  of  Psocidcc  (book 
lice),  apparently  the  same  species  which  occurs  in  Europe,  was  the  enemy 
which  had  wrought  such  extensive  destruction  among  the  experimental 
eggs.  It  was  found  in  nearly  every  situation,  both  indoors  and  out,  which 
afforded  sufficient  cover.  The  Fsocidce  themselves  are  attacked  and  utilized 
as   food    by    a    species    of  liie/ifcr,  or   false    scorpion. 

Into  a  glass-topped  entomological  box,  which  contained  remnants  of  dead 
mosquitoes  and  a  numerous  brood  of  Psoddce,  were  placed  two  slips  of  paper 
on  which  eggs  had  been  laid.  On  No.  i  the  eggs  had  been  laid  and  allowed 
to  dry  a  month  previously  ;  at  the  commencement  of  the  test  there  were 
20  full  eggs  and  2  collapsed  ones  on  it.  On  No.  2  the  eggs  had  been 
laid  and  dried  5  months  previously  :  examination  showed  that  there  were 
14  full,  10  shrunken  and  3  collapsed  eggs  on  it. 

On  the  following  day.  No.  i  had  13  full  and  2  collapsed  eggs  on  it, 
while  No.   2  had  4  full,  8  shrunken  and  2  collapsed  eggs.     There  were  also 
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fragments  of  partly  eaten  eggs,  and  a  careful  examination  showed  that  2 
of  the  apparently  undisturbed  eggs  had  small  holes  gnawed  in  them. 

By  the  third  day,  in  No.  i  there  remained  4  full  and  2  collapsed  eggs, 
and  in  No.   2   but   i   full  egg  and  some  partially  eaten  remnants. 

On  the  fifth  day  nothing  but  fragments  of  shell  remained,  which  were 
shortly  devoured,  a  special  feature  of  the  work  of  the  Psocidce.  being  the 
completeness  with  which  they  clear  up  if  time  permits,  not  even  the  tiniest 
fragment  of  shell  being  left  to  afford  evidence  of  the  nature  of  the  attacking 
agent. 

The  next  test  was  to  place  a  small  batch  of  freshly  laid  eggs  in  the 
box.  On  drying  there  were  found  to  be  22  full  and  2  collapsed  eggs. 
Two  days  later  not  a  vestige  of  the  eggs  remained. 

The  third  test  was  a  comparative  one.  A  large  batch  of  freshly  laid 
eggs  was  dried  and  the  collapsed  egg?  removed,  it  was  then  divided  into 
two  portions. 

Lot  I,  consisting  of  82  eggs,  was  placed  in  the  box. 

Lot  2,  consisting  of  67  eggs,  was  placed  on  the  Laboratory  bench,  and 
left  uncovered  except  on  two  occasions.  On  the  3rd  of  June  a  chip 
box  was  accidentally  placed  over  the  paper  slip  on  which  the  eggs  had 
been  laid.  On  the  4th  June  the  paper  was  turned  over  so  that  the 
eggs  were  between  the  paper  and  the  bench.  In  both  instances  the 
accidental    covering   led   to  attack    on   the  eggs. 

Lot  I. 

82  Eggs  placed  in  Box  co?itaining  numbers  of  Psocidce. 
Record  of  Reduction  in  Numbers. 


May. 

JUN'E. 

26 

28 

31 

3 

4 

5 

54 

6 

7 

8 

9 

10 

II 

12 

13 

»i5 

82 

n 

76 

68 

61 

47 

43 

28 

17 

8 

5 

3 

I 

0 

Lot  2. 

67  Eggs  left  exposed  on  Laboratory  Bench. 
Record  of  Reduction  in  Nuinbers. 


May, 

June, 

26 

28 

31 

•3 

*4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

15 

67 

67 

67 

45 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

42 

*  On  the  3rci  and  4th  June  the  eggs  were  covered. 

On  the  15th  June  Lot  2  was  transferred  to  the  box. 

After  24  hours  only  20  eggs  remained. 

After  72  hours  only  i  full,  i  shrunken  and  i  collapsed  egg  remained. 
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(B)    LARV.-E    AND    PUP/K. 

Experiments   Concerning   the  Description   and   Quantity 
OF  Food  needed  by  Lary.e  of  Stbgo.uv/.i  fasciata 

General  Notes. 

The  high  mortaht)'  which  occurs  ^\■hen  the  captured  larvae  are 
simp]}-  placed  in  jars  of  water  to  rear,  combined  with  the  experience 
gained  in  breeding  mosquitoes  from  the  &%%,  show  that  an  ample 
store  of  organic  matter  in  the  water  to  start  with,  or  the  addition 
of  fresh  food  at  intervals  is  essential.  The  description  of  organic 
matter  used  may  var}-  within  wide  limits.  Dead  leaves,  boiled  white 
of  egg,  rice  or  other  grain,  dead  insects,  fasces,  etc.,  all  give  good  results 
provided  the  c|uantit\-  is  adjusted  to  the  number  of  larvae  and 
quantit}-  of  \\ater.  Oil}-  or  fatt}-  foods  (such  as  cockroaches)  may, 
however,  easily  cause  a  high  or  exen  a  total  mortalit}'.  So  long 
as  the  water  is  free  from  oil  or  fat  it  ma}'  be  very  foul,  cloudy  or 
thick,  and  swarming  with  bacteria  to  an  extent  which  suggests  a 
broth  culture.  In  the  case  of  rice  the  \\ater  was  so  thick  in  some 
of  the  experiments  as  to  resemble  thin  starch.  Dead  insects  and 
other  small  animals,  together  with  leaves,  probably  afford  the  chief 
natural  sources  of  nourishment  for  the  larvae  of  Stcgoinyia  fasciata 
and  most  of  its  relatixes  as  well  ;  but  apart  from  these,  the  fall  of 
organic  dust  on  an\-  uncovered  area  would  most  likeh'  suffice  for 
a  limited   number  of  lar\'iis  to  attain  the  adult  stage. 

With  Stegomyia  and,  so  far  as  a  limited  experience  goes,  other 
Culiciuc  mosquitoes,  competition  for  the  available  food  supph*  is 
ver}-  keen.  To  obtain  a  start  before  other  organisms  have  had 
time  to  develop  is  an  evident  necessit}'  if  large  broods  are  to  be 
reared.  An}-  quantit}-  of  fresh  food  added  to  standing  water  will 
not  reproduce  the  favourable  conditions  which  obtained  at  the 
initiator}^  filling  of  the  breeding  pool.     This  ma}'  be  observed  under 
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liatural  as  well  as  artificial  conditions,  and  is  probably  largely  due 
to  the  killing  of  the  newly  hatched  larvae  b\'  the  larger  ones,  as 
pointed  out  by  MacGregor  (191 5). 

Stegoviyia  with  its  resting  eggs,  some  of  which  are  ready  to 
hatch  within  a  {(^w  minutes,  and  others  within  two  or  three  hours 
of  immersion,  is  better  adapted  to  take  full  advantage  of  the  late 
and  early  rains  than  species  which  have  to  deposit  eggs  recjuiring 
some  30  hours'  incubation,  after  the  pool  has  formed.  Apart  from 
such  obvious  competitors  for  food  as  tadpoles,  ephemerid  larvae 
and  those  of  species  of  Cljirononius  or  other  omnivorous  water  insects, 
a  species  of  Ostracoda  belonging  to  the  genus  Cypi'is  is  a  highly 
successful  competitor  if  it  gets  a  start  in  breeding  pans.  Once  it 
is  established,  {q.\\,  if  any,  of  the  mosquito  larvae  get  sufficient  food 
to  finish  their  development. 

Pans  or  jars,  the  sides  of  which  become  green  with  the  grcnvth 
of  Algie,  are  also  very  generally  impossible  for  further  breeding, 
but  whether  or  no  this  is  due  to  the  Algce  or  some  secondary  cause 
is  undetermined. 

The  first  moult  is  not  passed  by  larvae  put  into  clean  but  un- 
filtered  tap  water.  In  the  absence  of  added  organic  matter  the 
larvae  seem  unable  to  pass  to  the  second  skin  imtil  the  rleath  of 
some  of  their  fellows  provides  the  survivors  with  nutriment.  If 
after  a  short  but  sharp  period  of  starvation  abundant  food  is  given, 
the  mortality  ma\'  be  low,  and  the  larv;e  reach  matiu'it}'  quickl}', 
but  produce  small  adults.  On  the  other  hand,  if  the  period  of 
scarcity  is  continued,  the  mortality  is  high,  and  the  larval  life  may 
be  unduly  prolonged,  possibly  up  to  seventy  da)s. 

Under  the  most  favourable  conditions  the  larval  life  may  be 
passed  within  four  days,  and  males  have  completed  their  develop- 
ment within   five  days  five  hours. 

The  fact  that  larvce  breeding  in  water  containing  little 
organic  matter  produce  small  adults*  has  its  practical  side  when 
cleanly  tanks  and  covered  cement-lined  cisterns  replace  wooden 
butts  or  other  dirty  storage  receptacles.  The  covers  need  to  be 
of  a  smaller  mesh,  not  less  than  18  x  18  to  inch,  because  in  addition 
to  the  possibility  of  these  dwarf  females  getting  through  the  netting 


*  See  also  under  "Enemies,"  page  79. 
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when  seeking  water  to  lay  their  eggs,  there  is  always  the  risk  at 
eggs  that  have  been  deposited  in  gutters  being  washed  in  through 
the  netting  and  producing  small  sized  specimens,  which  will  squeeze 
through  netting  they  would  not  otherwise  pass  in  an  endeavoiu' 
to  get  out. 

Protracted  de\clopmcnt  or  lagging  may  occur  even  in  the  presence 
of  an  abundant  food  supply  ;  a  few  larvcc  of  any  given  batch  will 
frequentl}-  lag  behind  their  fellows.  These  lagging  larvae  are  often 
unhealthy  and  die,  but  they  sometimes  complete  their  develop- 
ment and  ]Droduce  normal  adults  after  three  or  four  times  the  usual 
period. 

When  considering  the  experiments  some  allowance  must  be  made 
in  respect  of  sex,  the  early  males  being  usualh-  a  day  quicker  in 
their  development  than  the  females. 

All  the  experiments  with  larv.e  were  performed  in  the  Laboratory' 
of  the  Colonial  Hospital,  and  a  Chart  (Xo.  i)  embodying  the  records 
of  temperature  and  humidity  from  December,  1914,  to  July,  191 5, 
is  appended.  A  partial  record  of  the  maximum  and  minimum 
temperature  and  extremes  in  each  week  from  September  iith  to 
December  4th  is  set  forth  in  Chart  No.  9  on  page   loi. 


Expert mait  Xo.  XXIII. 
QUANTITY   AND    NATURE    OF    FOOi:*    REQUIRED. 

200  cc.  of  tap  water  was  put  into  each  of  three  beakers. 

To  N.R.  "2  gr.  of  uncooked  native  rice  was  added. 

To  P.R.  "2  gr.  of  uncooked  polished  rice  was  added.  ; 

To  W.E.  '2  gr.  of  hard  boiled  white  of  egg  was  added. 

12  larvae  just  out  of  their  eggs  (from  a  batch  of  eggs  which  had  been 
dried  and  then  re  immersed)  were  put  into  each  beaker,  and  these  were 
covered  with  thin  cotton  to  exclude  dust  and  small  insects. 

The  temperature  in  the  Laljoratory  during  the  course  of  the  experiment 
averaged  about  82°  F. 

2nd  day  after  start — All  the  larv?e  were  of  about  ecjual  size. 

3rd     „        „       „        N.R.  and  P.R.  ahead  of  W.E. 

4th  ,,  ,,  ,,  P.R.  most  advanced:  N.R.  next,  with  W.E.  a  bad 
third,  but  all  seemed  equally  healthy. 

6th  „  „  ,,  P.R.,  5  already  in  pupal  stage  ;  N.R.,  larvce  full- 
grown,  but  no  pupK  ;  W.E..  almost  all  the  larv?e 
a  moult  behind.. 
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Chart  No.   i. 

Curves  of  Temperature  and  Humidity  in  Laboratory  at 

Colonial   Hospital,  Freetown. 


DECEMBER  JANUARY  FEBRUARY  MARCH  APRIL  MAY  JUNE 

f  f  ?  r  ?  ?  f  ?  f  !  ?  ?  ?  f  ?  y  y ;  7  y  r ;  ;  ?7  7  ;  ''}^nrf" " 
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Observations  at  9  a.m.  each  oay  :— 

Temperature 1  Humiditv, 

Minimum  Humidity  record  in  each  week         —._._,_. 
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FiNAT.  Result, 


Lot. 

Number  of 
adults  reared. 

Time  occupied  from  hatcliiug 
to  adult  state. 

Mortality. 

Remarks. 

Shortest. 

Average. 

Ivongest. 

N.R. 
P.R. 
W.E. 

9  males,  2  females 
6  males,  6  females 
I  male,    6  females 

9  days 

8  days 

26  days 

10  days 

9  days 

31  days 

12  days 
(i  female) 

1 1  days 
(2  females) 

42  days 
(i  female) 

8  per  cent. 

Nil. 

42  percent. 

... 

The  quantities  of  food  used  are  not,  of  course,  equivalent,  as  the  water 
content  of  the  white  of  egs;  will  be  much  greater  than  that  contained  in  the 


Experiineiit  No.  XXIJ\ 


QUANTITY  AND  NATURE  OF  FOOD  REQUIRED. 

200  cc.  of  tap  water  was  put  into  each  of  two  beakers. 

To  P.R.  o'5  gr.  of  desiccated  polished  rice  was  added. 

To  W.E.  o"5  gr.  of  desiccated  boiled  white  of  egg  was  added. 

16  larva;,  which  had  just  emerged  from  eggs  of  the  same  batch  as  those 
used  in  the  last  experiment,  were  put  into  each  beaker,  and  these  were  covered 
with  thin  cotton  to  exclude  dust,  etc. 

The  Laboratory  temperature  during  the  course  of  the  experiment  averaged 
about  82'  F, 

The  larvae  in  P.R.  gained  rapidly  on  those  in  W.E.  at  first,  but  sub- 
sequently the  W.E.  batch  recovered  most  of  the  lost  ground. 

Final  Result. 


Lot. 

Number  of  adults 
reared. 

Time  occupied  from  hatching 
to  adult  state. 

Mortality. 

Remarks. 

Shortest. 

Average. 

Longest. 

P.R. 
W.E. 

10  males,  6  females 
10  males,  5  females 

8  days 
8  days 

8  days 

9  days 

9  days 

(5  females) 

II  days 
(2  males) 

Nil. 
6  per  cent. 

I  pupa  died  on 
the  J  3th  day. 

In  this  and  the  following  experiments  the   food  material  was   dried  or 
desiccated  before  use. 
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Experiment  No.  XXV. 

QUANTITY  AND  NATURE  OF  FOOD  REQUIRED. 

200  cc.  of  tap  water  was  put  into  each  of  four  beakers. 
To  O,  nothing  was  added. 

To  P.R.O.,  o"5  gr.  desiccated  polished  rice  was  added. 
To  W.E.O.,  o"5  gr,  desiccated  boiled  white  of  egg  was  added. 
To  C.W.L.,  i"o  gr.  dried  fragments  of  fallen  cottonwood  leaves  was  added. 
20  larvae  just  emerged  from  a  large  batch  of  eggs  of  mixed  parentage, 
which  hatched  in  response  to  cooling,  were  put  into  each.     The  beakers  were 
covered  with  thin  cotton  to  exclude  dust,  etc. 

The   temperature  in   the  Laboratory  at  9  a.m.   during  the  course  of  the 
experiment  averaged  79*4°  F. 

ist  day  : — No  noticeable  difference. 
2nd  day  : — O.,  very  little  growth,   no  moults. 
P.R.,  in  second  skin. 

W.E.,  a  few  in  third  skin,  but  most  in  second  skin, 
C.W.L.,  far  in  advance  of  the  others.      Mostly  well-grown  in 
third  skin,  and  a  few   approaching  the  third   moult,   but 
2  larvae  still  in  first  skin. 
3rd  day  : — O.,  about  half  have  grown,  the  remainder  show  no  growth. 

P.R.,  mostly  full-grown    in   third    skin,   but    a  few  only   just 

past  the  moult. 
W.E.,   mostly  full-grown   in   lliird    skin,  but  a  few   only    just 

past  the  moult. 
C.W.L.,  still  ahead,  but  the  gap  between  this  batch  and  P.R. 
and  \V.E  is  lessening.    None  have  yet  reached  the  fourth 
skin,   but  a  few  are  preparing  to  moult  ;  2  still  lag,  they 
are  now  in  second  skin. 
4th  day  : — O.,  all  are  now  making  progress  in  the  first  skin, 

P.R.,  all  are  well-grown  in  fourth  skin,  except  2,  one  of  which 

is  in  the  second  skin  and  the  other  in  the  third  skin. 
W'.E.,  all  but  3  are  well-grown  in  fourth  skin  ;  of  the  laggards, 

2  are  in  the  third  and  i  in  the  second  skin. 
C.W.I,.,  are  mostly  marking  time,  but  the  backward  larvae  are 
progressing  ;  one  is  in  the  second  and  the  other  in  the 
third  skin. 
5th  day  : — O.,  still  in  first  skin  ;  little  appreciable  further  progress. 

P.R.,   3  have  pupated  ;    2   larvae  are  still  in   third  skin  ;    the 

remainder  are  full-grown. 
W.E.,  I  living  and  i  dead  ])uj)a  :   2   larva;  in   third  skin  ;  the 

remainder  full-grown. 
C.W.L.,   6  pupa;,  I  larva  in   third  and  i  in  second  skin  ;  the 
remainder  full-grown. 
6th  day  : — O.,  still  marking  time  in  first  skin. 

P.R.,  16  pup^,  I  full-grown  larva  and  i  in  third  skin. 
W.E.,  6  pupae,  several  larvae  dead  ;  the  remainder  full-grown. 
C.W.L.,  13  pupae,  1   larva   in    third  and   i   second  skin  ;    the 
remainder  full-grown. 
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7th  day  : — O.,  still  no  progress. 

P.R.,  i8  pupas  and  2  larvK,  i  in  third  skin. 

W.E.,  9  i)upre,  two  or  three  more  larvae  dead. 

C.AV.L.,  5  adults,  9  pupre  and  4  larva?,  i  still  in  second  skin. 

8th  day  :— O.,  only  16  larva?  living;  two  or  three  of  these  have  moulted 

and  are  now  in  second  skin. 
P.R.,  13  adults,  2  pupa?  and  2  larva?,  i  still  in  third  skin. 
\\'.E.,  4  adults,  6  pupa?  and  i  larva. 
C.W.L.,    5    adults,   4  pupa?  and   4  larva?,    i   still   in   second 

skin. 

1 2th  day: — O.,  12    living  larva?,  the  largest  backward  in  the  second  skin  : 
the  smaller  ones  still  in  the  first  skin. 
P.R.,  finished. 
W.E.,  I  still  in  larval  stage. 
C.W.L.,  3  still  in  larval  stage  ;   i  only  in  third  skin. 

17th  day: — O.,  11   living  larva?,  slight  growth,  but  no  moults  since    12th 
day. 
W.l'L,  the  last  larva  has  now  pupated. 

C.\\'.L.,    I   larva   has   pupated   and   an   adult    reared;    the  2 
remaining  larva?  are  both  in  fourth  skin. 

Final  Result. 

The  larvie  of  O.  gradually  died  off,  leaving  a  single  survivor,  which  j)upated 
after  spending  48  days  in  the  larval  stage.  A  female  specimen  was  reared. 
The  larvae  did  not  kill  one  another,  but  lived  on  the  decaying  bodies  of  tlieir 
fellows  as  they  died. 


Lot. 

Number 
of  adults 
reared. 

Time  occupied  from 
to  adult  stage 

hatching 

Mortality. 

Remarks. 

Shortest. 

Average. 

Longest. 

0.     ... 

I 

50  days 

... 

95  per  cent. 

... 

P.R... 
W.E. 

16 
10 

s     „ 

8       „ 

8  days 

9  ,> 

9   days 
13        ,' 

20 

50        „ 

I     larva  died 
on  1 6th  day. 

I    pupa   died 
on  1 8th  day. 

C.W.L. 

16 

7       ,> 

9      » 

15       '> 

20        ,, 

1    pupa  died 
on  2 1  St  day. 

When  considering  these  results  it  is  necessary  to  bear  in  mind  three 
points  : — - 

(i)  the  quantity  of  organic  jnatter  in  relation  to  (2)  the  quantity  of  ivater, 
and  (3)  the  number  of  larvae  in  relation  to  both. 

The  result  of  O.  aftbrds  further  evidence  of  the  result  of  insufficiency  of 
food,  but  in  a  more  acute  form  than  W.E.  in  Experiment  No.  XXIIL 

The  mortality  in  P.R.,  as  compared  with  the  absence  of  deaths  when  the 
larv£e  were  fed  on  polished  rice  in  the  two  earUer  experiments,  is  probably  not 
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due  to  anv  scarcity  of  food  owing  to  the  larger  number  of  larvre  present,  but 
either  to  overcrowding  or  pure  chance. 

With  ^V.E.  in  this  experiment,  the  increased  mortality,  as  compared  with 
the  use  of  the  same  food  in  Experiment  No.  XXIV.,  is  also  explicable  as  the 
result  of  overcrowding  or  chance. 

\Vith  C.W.L.,  however,  the  result  should  be  studied  in  relation  to  the  use 
of  fallen  leaves  of  the  cottonwood  tree  in  the  later  experiments,  the  suggestion 
clearly  being  that  the  quantity  of  food  used  was  barely  sufficient  lor  the 
number  of  larvfe,  though  the  mortality  may  have  been  influenced,  as  in  P.  K. 
and  W.E.,  l)y  overcrowding. 


Experiment  No.  XXVI. 

ASSIMILABILITY    IN    ADDITION    TO    QUANTITY    AND 
NATURE    OF    FOOD. 

This  experiment  was  planned  with  a  view  to  ascertaining  if  speed  of  growth 
depended  upon  the  a.ssimilability  of  food  apart  from  its  nature.  It  was  hoped 
also  that  some  evidence  of  the  action  of  bacteria  or  other  micro-organisms 
in  relation  to  this  process  might  be  obtained. 

Into  six  beakers  were  placed  the  following  food    materials,  all  of  which 
had  been  dried  for  a  week  in  the  desiccator :  — 
P.R.  I,  o'5  gr.  polished  rice. 
P.R.  2,  0.5  gr. 
C.W.L.  I,  o"5  gr.  fragments  of  fallen  leaves  of  the  cottonwood  tree. 
C.W.L.  2,  0-5  gr.         „  „  „  „  „ 

E.L.  I,  Q--;  gr.  fragments  of  fallen  leaves  of  a  species  of  eucalyptus. 
-b.L.  2,  o'5  gr.  ,,  ,,  ,,  ,,  ,, 

To  beakers  P.R.  i,  C.W.L.  i,  and  E.L.  i,  200  cc.  of  tap  watei  was 
immediately  added. 

All  six  beakers  were  covered  with  thin  cotton  to  exclude  dust. 

The  temperature  in  the  Laboratory  at  9  a.m.  during  the  course  of  the 
experiment  averaged  81  "5"  F. 

After  24  hours  a  microscopic  examination  of  the  water  was  made  by 
wet  film. 

P.R,  I,  showed  a  few  slowly  moving  rounded  cells  (?  yeast). 
C.W.L.,  a  few  bacteria  and  infusoria  in  each  field. 
E.L.,  no  sign  of  any  organism. 

iVfter  46  hours  a  iurther  examinaiion  was  made. 

P.R.  1,  showed  numbers  of  bacteria  +  +  +  +and   some  of  the  slowly 

moving  rounded  cells. 
C.W.L.  I,  showed  bacteria,  numerous  +  +  +  +,  also  some  infusoria. 
E.L.  I,         „  ,,  ,,  +  +  +  ,,  ,, 

200   cc.   of  tap  water  was  now  added  to  beakers  P.R.   2,   C.W.L.   2,  and 
E.L.  2, 
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A  large  batch  of  eggs  of  mixed  parentage  was  immersed,  and  from 
the  larvai  which  emerged  within  90  minutes,  30  were  placed  into  each  of 
the  six  beakers. 

The  following  history  is  general,  the  "lagging  "  larva  are  not  individually 
noticed. 

istday: — P.R.   i,  ahead  of  P.R.    2,   hut  not  to  the  extent  of  a   moult. 

C.W.L.    I,  ahead  of  C.VV.L.   2,   but  to  a  less  marked  extent  than 

with  P.R. 
E.L.   I,  very  slightly  ahead  of  E.L.   2. 

2nd  day  : — P.R.    i,   well-grown  in  second  skin  ;    P.R.   2,  a  full  moult  behind. 
C.W.L.    I,   rather  less  grown  in  second  skin  than  P.R.   i. 
C.W.L.   2,  a  moult  behind  C.W.L.    i  ;    there  is,    however,    less 

disparity   between    C.W.L.    i    and    2    than    between   P.R.    i 

and  2. 
E.L.    I   and   2   differ   but  very  little  from   each   other  :     they  are 

both  behind  the  others.     None  are  past  the  fir.-^t  skin. 

3rd  day  : — P.R.    i.  mostly  in   fourth  skin:  a  few  almost   full  grown. 

P.R.   2,  more  varied  in  growth  ;  only  a  few  in  fourth  skin. 
C.W.L.    I,  the  advanced  larvae  are  about  parallel  with  P.R.  2,  but 

the  proportion  still  backward  in  third  skin  is  larger. 
C.W.L.   2,   (juite   noticeably    behind    C.W.L.    1,    but    only    as    a 

question  of  growth,  not  of  moults. 
E.L.    I,  are  slightly   in    advance    of   E.L.   2  ;     both    are    behind 

C.W.L.   2. 

4lh  day  : — P.R.   i,  all  full  grown,  except  a  few  laggards,  which  make  very 

sluw  })rogress. 
I\R.   2,   in   fourth  skin,   but  not  quite  full  grown  :   the   laggards 

of  this  lot  are,  however,  ahead  of  those  of  P.R.   1. 
C.W.L.   I,  not  quite  so  advanced  as  P.R.   2. 
C.W.L.   2,  slightly  behind  C.W.L.   1. 
E.L.  I  and  2,  no  noticeable  difference  :  both  lots  behind  C.\\'.L.  2. 

6th  day  : — P.R.   i,    15  or   16  pupa^  :  one  of  the  lagging  larvai  is  dead  j  all 

the  remaining  larva;  full  grown  in  fourth  skin. 
P.R.   2,  8  or    10    pupa; ;     the    lagging    larv;\3    are    now    growing 

rapidly;  all  the  otheis  are  full  grown  in  the  fourth  skin. 
C.W.L.   I,   no  pupa;  ;  the  larva;  are  marking  time  as  though  food 

were  failing. 
C.W.L.    2.    have  i[uite  cautiht   up   to   C.W.L.  i,  in  fact,  they  look 

on  the  whole  better  fed,   but  there  are  no  pupa;. 
E.L.    I   and   2,  are  slightly  behind  the  C.W.L's.  in  growth  ;  they 

differ  between  themselves  in  that  E.L.   2   shows    a    smaller 

range  of  variation  in  growth. 

From  this  time  onwards  it  became  evident  that  the  larvai  which  were 
given  leaves  as  a  source  of  nutriment  (C.W.L.  i  and  2,  E.L.  i  and  2),  had 
reached  the  limit  of  their  food  supply.  Their  record  continues  as  a  long- 
drawn-out  period  spent  in  marking  time,  with  short  spurts  of  growth  as  larva; 
died,  and  supplied  the  survivors  with  fresh  sources  of  nutriment. 
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Final  Result. 


Lot. 

Number 
ofadults 
reared. 

Time  occupied  from  hatching 
to  adult  stage. 

Mortality. 

Remarks. 

Shortest. 

Average. 

Longest. 

V.R.  I  ... 

P.R.  2   ... 

C.W.L.  I 
C.W.L.  2 
E.L.  I  ... 
E.L.  2  ... 

23 
29 

3 

3 

2 

I 

7  days 

8  „ 
45    >> 

II     „ 

49    „ 

i8     „ 

8  days 

9  >, 

47    ,, 

12      „ 

49     ,. 

10  days 

11  „ 

50  „ 

12      „ 

49    » 

23  per  cent. 

3        „ 
90       „ 

90             V 

93       „ 

One  larva  lived  until  the 
78th  day,  hut  failed  to 
pupate. 

Three   larv;v  lived   until 
the  47th  day,  but  failed 
to  pupate. 

One  larva  lived  until  the 
66lh  day,  l)Ut  failed  to 
jiupate. 

On  the  46th  day  this  item 
of  the  ex]ieriment  was 
terminated  by  an  acci- 
dent.   There  were  10  or 
II  larvre  living  at  the 
time. 

It  is  doubtful  if  the  difference  in  mortality  between  the  pair  P.R.  i 
and  2  is  of  any  significance,  but  the  high  death  rate  among  the  larvaa 
given  leaves  is  almost  certainly  the  result  of  insufficiency  of  food. 

The  advantage  in  speed  of  growth  between  the  pairs  during  the  early 
days  of  the  experiment,  so  far  as  the  P.R.  and  C.W.L.  are  concerned,  was 
clearly  with  the  larvce  in  the  beakers  where  there  had  been  two  days 
for  the  food  to  soak  and  diffuse,  or  for  micro-organisms  to  develop.  With 
E.L.  the  difference  was  slight,  which  in  view  of  the  sparse  growth  of 
bacteria  in  the  water  in  beaker  E.L.  i  after  46  hours,  is  significant  of 
some  relation  between  the  growth  of  bacteria  and  the  assimilability  of  the 
food. 

That  the  final  advantage  tended  to  be  with  the  lots  in  which  bacterial 
growth  w^as  not  given  any  start  in  advance  of  the  larvEe  appears  to  suggest 
that,  if  bacteria  and  other  micro-organisms  are  a  direct  source  of  food, 
they  abstract  a  certain  amount  of  nutriment,  which  is  not  subsequently 
recovered  when  the  larvte  ingest  them. 


Experiment  No.  XXVII. 
PRESENCE  OF  BACTERL\  CONSIDERED  ALSO. 


This  experiment  was  planned  on  similar  lines  to  No.  XXVI.,  but  was 
varied  as  regards  the  description  of  food  and  number  of  larvge  used, 
in    the   hope  of  getting   more  nearly  into   touch  with  the  problem  of   the 
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relationship  between  larval  growth  and  the  development  of  bacteria  in  the 
water.  An  addendum,  of  which  a  short  account  is  appended,  was  under- 
taken to  allow  of  larv?e  and  pupae  being  dissected  to  make  gut  smears, 
without  interference  with  the  breeding  averages  and  mortality  percentages 
in  the  main  experiment. 

Into  six  beakers  were  placed  the  following  : — 
I'.R.    T   and   2,   each  0*5  gr.  polished  rice. 

C.W.I..   I  and  2,  each  0*5  gr.  fragments  of  leaves  of  cottonwood  tree. 
C   I  and  2,  each  0*5  gr.  fragments  of  dead  cockroach. 
All  these  food  materials  had  been  thoroughly  dried  in  a  desiccator  and 
coarsely  powdered  before  weighing. 

200  cc.  of  tap  water  was  at  once  added  to   I'.R.   i,  C.^\^L.   i,  and  C.  i. 
All  six  beakers  were  covered  with  thin  cotton  to  exclude  dust,  etc. 
The  temperature  in  the  Laboratory  at  9  a.m.  during  the  course  of  the 
experiment  averaged  82"2°  F. 

After  three  days  a  microscopic  examination  of  the  water  for  germs  was 
made : — 

P.R.   I,  showed    bacteria  +  +  and  a  few    slowly    mo\ing    rounded     cells 
(probably  yeasts)- 

C-W.L.    I,  showed  bacteria  +  +  +. 
C.    I,  showed  bacteria  +  +  +  +  + . 

200  cc.   of  tap   water    was   then   added  to    P.R.  2,   CAV.L.  2,   and  C-  2, 
and   10*  newly  hatched  larvae  were  placed  in  each  of  the  six  beakers. 
I  St  day: — No  moults. 
2nd  day: — P.R.    i,  all  but  one  or  two  are  now  in  their  second  skin. 

P.R.   2,   many  are  in  their  third  skin;  the  remainder  in  their 

second  skin,  but  further  advanced  than  any  of  the  P.R.  i. 

C.W.L.    I,  mostly  in  their  second  skin  ;  one  at  least  is  in  the 

third   skin. 
C.W.L.   2,  none    past    the    second    skin;    all    are    distinctly 

behind  C.W.L.   i. 
C.    I,  only  two  or  three  living  larvaj  to  be  seen  ;    these  have 

just  attained  the  second  skin. 
C.   2,  all  dead  (probably  due  to  the  formation    of   a    thick, 
greasy   scum). 
3rd  day  : — P.R.    i,   none  past  the  third  skin. 

P.R.   2,  a  number  are  in  the  fourth  skin. 

C.W.L.    I   and   2,  do  not  differ  noticeably  from  each  other; 

both  lots  are  behind  P.R.   2. 
C.   I,  only  one  larva  now  living. 
5th  day  : — P.R.    i,   is  still  a  long  way  behind  P.R.   2. 

P.R.   2,  mostly  full  grown,  but  none  have  pupated  yet. 
C.W.L.   I   and   2,   mostly  full  grown,   but  no  pupa^  yet. 
C.   I,  all  the  larvtC  are  now  dead. 
6th  day  : — P.R.   i,  no  pups  yet. 

P.R.  2,  four  have  pupated. 

C.W.L.   I  and  2,  no  pupfe  yet,    but   the    larvre    are    casting 
the  chitinous  tube  which  contains  the  food  within  the  gut. 

*The  eggs    from    which    these    larvii;    lialched  had  been    Icept   dry  for  tliree  weeks  ; 
the   larvre  emerged  from  them  within  one  hour  of  immersion. 
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Final  Result. 


Lot. 

Number 

of  adults 

reared. 

Time  occuiiied  from  hatching; 
to  adult  stage. 

Mortality. 

Remarks. 

Shortest.    Average. 

Longest. 

r.R.  I ... 
r.R.  2 ... 

C.VV.L.  I 

C.W.L.  2 

5 

4 

9 
6 

I  o  days 

8  „ 

9  » 
9     >i 

12  days 

9     >, 
II     „ 

lO      „ 

1 5  days 

II     „ 

14     „ 
11     ,, 

50  percent. 

60    „     „ 
10    „     „ 

40    „     ,, 

I   larva  lived  34  days 
with  abundance  of  food 
and  then  died. 

A  comparison  of  tlu-sc  results  with  those  obtained  in  Experiment 
No.  XXVI.  in  res]ject  of  the  larva;  fed  on  rice  (P.R.  i  and  2),  and  those  fed 
on  leaves  of  the  cottonwood  tree  (C.W.I..  i  and  2),  brings  out  clearly  the 
effect  of  scarcity  of  food  on  the  one  hand,  and  the  possibility  of  water,  over- 
loaded with  organic  matter,  being  unhealthy  if  the  larvje  are  not  numerous 
enough  to  cope  with  it,  on  the  other. 

In  this  experiment,  as  in  No.  XX\'I.,  the  advantage  at  the  beginning 
V)etwcen  the  pairs  was  again  with  the  larvae  placed  in  the  beakers  where 
bacterial  growth  had  the  start  ;  the  fmal  reverse  of  position  between  the 
pairs,  though  less  marked,  is  still  sufficiently  in  agreement  to  suggest  that 
this  is  a  real  divergence  and  not  a  mere  chance  occurrence. 

In  the  case  of  the  pairs  fed  on  cockroach  (C.  i  and  2)  the  oily  nature 
of  the  food  material  must  be  considered  as  chiefly,  though  not  entirely, 
responsible  for  the  ensuing  mortality.  For,  even  when  the  surface  scum 
was  broken  up  and  a  quantity  of  fresh  water  added,  and  these  beakers 
produced  some  healthy  adults,  still  the  mortality  was  high. 

Fifty  larVcT  which  had  emerged  from  their  eggs  an  hour  or  two 
previously  were  added  to  beaker  C  2,  the  covering  of  scum  being  broken 
up.  They  grew  very  slowly  at  first  and  there  was  a  heavy  death  rate, 
but  by  the  third  day  the  survivors  were  making  extraordinarily  rapid 
progress  and  by  the  fourth  day  were  in  the  fourth  skin.  All  but  one  had 
pupated  by  the  sixth  day.  Twenty-two  adults  were  reared,  eight  within 
seven  days  ;  the  average  time  being  eight-and-a-half  days,  and  the  longest 
period  between  egg  and  adult  eleven  days. 

A  smear  of  the  gut  of  a  larva  taken  from  this  batch  showed  only  two 
or  three  bacteria  to  a  field,  and  one  from  a  pupal  gut  was  free  so  far  as 
the  microscopic  test  went ;  yet  the  water  in  which  these  larvK  were  living 
swarmed  with  bacteria. 

During  the  progress  of  Experiments  Nos.  XXVI.  and  XXVU.  it 
became  evident  that  the  introduction  of  larva;  may  have  a  remarkable 
clearing  action  on  foul,  cloudy  water,  if  the  conditions  are  properly 
balanced  in  respect  of  the  number  of  larv.T  and  the  quantity  of  water. 

A  test  was  made  of  the  water  from  beaker  C.  i.  after  the  death 
of  the  last  larva  on  the  third  day  (the  eighth  day  of  the  growth  of  the 
bacteria),    the     water     showed     an     enormous     bacterial     infection,     only 
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comparable  with  a  broth  culture.  This  water  was  put  into  a  glass  dish 
and  diluted  with  four  times  its  own  volume  of  tap  water,  which  rendered  it 
less  dense,  but  left  it  still  cloudy ;  two  hundred  first  skin  larvae  were  then 
placed  in  the  dish,  they  grew  with  great  rapidity,  and  as  they  progressed 
the  water  cleared,  finally  entirely  losing  all  trace  of  its  cloudy  appearance. 

The  water  in  beaker  C.  2  retained  its  thick,  cloudy  appearance  after 
the  development  of  the  fifty  larvce  above  alluded  to.  It  was  decided  to 
use  this  water  for  a  further  test  regarding  the  clearing  action  of  the 
larva;. 

A  microscopic  examination  by  wet  films  and  stained  smear  (carbol 
thionin  blue)  showed  the  water  to  be  swarming  with  bacteria — three  forms 
predominating.  One  of  these  was  a  large  and  a  very  distinctive 
serpentine  form.  About  one  hundred  first  skin  larvre  were  added  to  the 
200  cc.  of  foul  water ;  they  made  very  rapid  progress.  Two  days 
later  most  of  them  were  half  grown,  while  the  water  had  become  quite 
clear.  Microscopic  examination  showed  a  very  marked  reduction  in 
the  number  of  bacteria,  with  an  entire  absence  of  the  large  serpentine 
form. 

Addendum. 

Two  beakers,  in  every  respect  similar  to  those  used  in  the  above  experi- 
ment for  P.R.  I  and  C.^^^L.  i,  were  prej^ared  and  stocked  with  the  same 
number  of  larvae. 

LarvEe  and  pupre  were  taken  from  these  beakers  at  intervals  and  dissected, 
smears  of  the  gut  and  its  contents  being  fixed  and  stained  in  the  same 
manner  as  sample  drops  of  water.  While  the  water  in  these  beakers  showed 
an  identical  infection  with  that  in  P.R.  i  and  C.W.L.  i,  in  above  experiment, 
the  smears  of  the  larval  guts  showed  'i<t\\'^  if  any,  bacteria  to  a  field,  and  the 
l)upal  none  at  all. 


Experiment  No.  XXVIII. 

POSSIBLE    RELATIONSHIP    BETWEEN    THE    DEVELOPMENT 
OF  BACTERIA  AND  THE  GROWTH  OF  THE  LARV.L. 


This  experiment  was  a  further  attempt  to  solve  the  question  of  a  possible 
relationship  between  the  development  of  bacteria  or  other  small  organisms 
and  the  larvre.  The  quantities  of  the  difterent  foods  used  were  varied  in  the 
light  of  past  experience  in  previous  experiments. 

On  the  20th  May,  into  four  beakers,  carefully  cleaned  and  covered  with 
thin  cotton  as  in  the  previous  experiments,  were  placed  the  following: — 

Into  G.  I  and  G.  2  o"i5  gr.  of  desiccated  fragments  of  grasshoppers 

was  placed. 
Into  C.W.L.  I  and  C.W.L.  2,  0-5  gr.  of  desiccated  fragments  of  fallen 

Cottonwood  leaves. 
200  cc.  of  tap  water  was  then  added  to  G.  i  and  C.W.L.  i. 
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On  the  24th  May,  four  days  later,  an  examination  of  the  water  in  G.  i 
showed  that  it  was  thick  and  cloudy,  Avhile  bacteria  were  present  in  immense 
numbers,  three  or  four  forms  being  especially  noticeable  : — 

(i)  A  small,  very  short  rod-shaped  bacillus  in  dense  clusters. 

(2)  Two  forms  (possibly  of  the  same  species)  of  large  rods  generally 

distiibuted  but  occasionally  forming  chains. 

(3)  Large  serpentine  forms  scattered  throughout  the  mass. 
No  Paramecium  or  rotifers  seen. 

C.W.L.  I,  water  clear  but  with  fluffy  patches.  Bacteria  less  numerous, 
but  still  in  great  numbers.  The  large  serpentine  forms  not  present.  A  few 
Paramecium  and  a  single  specimen  of  a  rotifer  seen. 

200  cc.  of  tap  water  was  then  added  to  (i.  2  and  C.NV.L.  2. 

16  newly  hatched  larvre  were  placed  in  C.AWL.  i  and  15  in  C.\V.L.  2. 

25       „  „  „  ,,  ,,       „    (1.  I  and  G.  2. 

ist  day  (24  hours  from  start)  : — 

(i.  1,  a  number  have  moulted. 

G.  2,  none  have  moulted. 

C.A\'.L.  I  and  2,  none  have  moulted. 
2nd  day  : — G.  i,  nearly  all  in  third  skin  and  mostly  well  grown  in  it  :  one 
seen  in  first  and  one  in  second  skin. 

G.  2,  a  few  (possibly  one-third)  in  third  skin,  but  the  larger 
number  in  the  second  and  two  or  three  seen  in  the  first 
skin. 

C.W.L.  There  is  not  much  to  choose  between  C.W.L.  i  and 
C.W.L.  2  ;  C.W.L.  I  has  a  few  "  stars"  whereas  C.W.L.  2 
are  more  even  in  growth.  Only  one-fourth  to  one-third 
are  in  the  third  skin  and  these  have  only  just  attained 
it  ;  on  the  other  hand,  there  are  no  second  skin 
"laggards.'" 
3rd  day  : — G.  i,  i  still  in  second  and  i  in  third  skin  ;  the  remainder  are 
in  their  fourth  skin,  mostly  full  grown,  but  none  have  yet 
cleared  the  gut  in  preparation  for  the  pupal  stage.  The 
water  is  now  less  cloudy  than  in  (i.  2. 

G.  2,  are  very  noticeably  behind  and  have  a  higher  death- 
rate.  While  most  of  them  are  in  their  fourth  skin,  and  a 
few  are  as  forward  as  G.  i,  there  are  several  that  have 
only  recently  attained  the  third  skin,  and  at  least  two  are 
still  in  the  second.     Water  very  cloudy. 

C.^V.L.  I,  about  half  are  in  their  fourth  skin  and  fairly  grown, 
but  slender  (fat  body  ill  developed)  ;  remainder  in  third 
skin.  Water  clear,  brighter,  and  more  deeply  coloured 
than  C.W.L.  2. 

C.W.L.  2,  are  possibly  a  shade  more  backward  than  C.W.L.  i, 
but  the  difference  is  very  slight. 

Examination  of  W^ater. 

4th  day  : — G.  i,  after  eight  days,  larvae  having  been  present  for  half  the 
period,  the  water  is  nearly  clear.  Bacteria,  though  still 
plentiful,  are  in  greatly  reduced  numbers.  The  serpentine 
forms  and  large  rods  are  scarce,  and  there  is  also  a 
marked  absence  of  the  dense  clusters  of  the  smaller 
bacilli. 
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G.  2,  after  four  days,  during  which  larvK  have  been  present  all 
the  time,  the  water  is  thick  and  cloudy,  and  there  has 
been  a  considerable  mortality.  Bacteria  are  present  in 
great  numbers,  but  the  large  rod  and  serpentine  forms  are 
less  numerous  than  they  were  in  G.  i  before  the  larva; 
were  added.  The  most  noticeable  difference  now  is  the 
absence  in  G.  i  of  the  dense  clumps  of  short  rod  forms 
and  their  presence  in  G.  2. 

C.W.L.,  the  water  in  C.W.L.  i  is  slightly  darker  than  in 
C.W.L.  2,  but  both  are  clear  and  bright.  There  is,  if 
very  careful  comparison  is  made,  a  trace  of  dulness  in 
C.W.L.  I. 

C.W.L.  I,  shows  very  few  bacteria,  but  much  fluff,  possibly 
cellulose  fibre. 

C.W.L.,  2,  shows  a  heavy  infection  compared  with  C.W.L.  i, 
mostly  small  forms  with  a  few  of  the  large  chain-forming 
rods.     No  clusters  and  no  serpentine  forms. 

I  )EVF.T.01'MENL'    OF    LaRV.K. 

G.  I,  I  pupa,  I  in  second  skin,  i  in  third  skin  ;  remainder 
full  fed  (fat  bodies  developed),  22  living. 

G.  2,  no  pupaa  ;  no  "  laggards  "  (probably  dead),  only  13  living, 
all  of  which  are  full-grown. 

C.W.L.  I,  all  in  fourth  skin,  mostly  full  fed,  16  living. 

C.W.L.  2,  all  in  fourth  skin,  mostly  full  fed,  14  living. 
5th  day  : — G.  i,  17  pup':e,  3  full  fed  larvas,  i  just  into  third  skin. 

G.  2,  9  pupa3,  4  full  fed  larvae. 

C.W.L.  I,  4  pupre,  10  larvae,  full  fed. 

C.W.L.  2,  4  pupae,  14  larvte,  full  fed. 


Final  Result. 


Lot. 

Number  of 
adults  reared. 

Time  occupied  from  hatching 
to  adult  stage. 

Morhilitv. 

.Shortest. 

6  days 
(10  males, 

2  females) 

6  days 
(2  males) 

7  days 
(6  males, 
I  female) 

8  days 
(i  male, 

3  females) 

Average. 
6- 5  days 

7"i      ., 
9'6     „ 

14-8  „ 

Longest. 

G.  I      ... 

Cy.   2         ... 

C.W.L.  I 
C.W.L.  2 

15  males, 
7  females 

1 1  males, 
2  females 

10  males, 
6  females 

5  males 
9  females 

8  days 
(2  females) 

8  days 
(3  females) 

18  days 
(2  females) 

24  days 
(i  female) 

12  per  cent. 

Nil. 
7  per  cent. 
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After  the  emergence  of  the  adults  in  beakers  G.  i  and  G.  2,  on 
the  8th  day  after  the  introduction  of  the  newly  hatched  larvae,  an  examina- 
tion of  the  water  was  made. 

G.  I  appeared  nearly  clear ;  quite  clear  in  comparison  with  G.  2.  The 
bacteria  present,  though  numerous,  were  relatively  few  in  comparison  with 
the  conditions  at  the  beginning  of  the  experiment.  Only  occasional  ser- 
pentine forms  and  single  individuals  of  the  large  chain-forming  rods  were 
to  be  met  with  ;  very  few  clusters  of  the  small  short  rods  and  such 
clusters  when  seen  were  small. 

G.  2  was  still  swarming  with  large  clusters  of  the  short  rods,  while 
chains  of  the  large  rods  and  serpentine  forms  were  numerous  ;  the  water 
being  very  thick  and  cloudv. 

Sequel. 

A  fresh  batch  0/20  netvly  hatched  larvce  were  added  to  each  beaker. 

ist  day  (24  hours  later)  : — G.  1,   nearly  all  in   second  skin. 

G.  2,  all  are  in  their  second  skin. 
2nd  day  : — G.  i,  mostly   just    into    third   skin,    two    or  three  in  second 
and  one  or  two  in  first. 
G.  2,  are  all  in  third  skin  and  mostly  well  grown  in  it  ;  they 
are    well    ahead    of   G.    1   and  the  water  is    now    nearly 
clear. 
3rd   day  : — G.  i,   mostly  in  third  skin  :    two  still   in  second  and  one  in 
fourth  skin. 
Vj.  2,   One    in    third,    remainder    in    fourth   skin  —  nearlv  all 
full  fed. 
4th    day  : — G.    1    and  2,  compared,  the  water  in  (i.   2   is    yellower,   bul 
both  are  equally  clear  ;    as  regards  the  de\  elopment  of 
the  larvae  there  is  no  comparison, 
(i.  I,  are    marking    time    in    the    third    skin  ;    only  one  has 
reached    the    fourth,    and    two    remain     very    small     in 
second  or  third  skin. 
G.  2,  on  the  other  hand,  are  all  in  the  fourth  skin  :  most  of 
them  with  well  developed  fat  bodies. 
5th    day  : — (i.  i,   still  marking  time. 

G.  2,   8  pupa?  :  remainder  full  grown. 

l-'ix.\L  Result  of  Sequel. 


Lot. 

Number 

of    adults 

reared. 

Time  occupied  from  hatching 
to  adult  stage 

Mortality. 

Shortest.    | 

Average.       Longest. 

G.  1  ... 

j 

I   female 

32  days 

... 

95  per  cent. 

I   larva  lived   until 

the  59th  day  and 
then  died. 

G.  2... 

7  males,  9  fema 

les 

6  days 
(2  males) 

8  days 

12  days 
(i  female) 

20  per  cent. 
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In  view  of  the  comments  on  Experiment  No.  XXVII.  these  last  results 
scarcely  call  for  any  remarks  ;  the  experiment  satisfactorily  disposes  of  any 
remaining  doubts  as  to  the  interaction  of  bacterial  development  and  larval 
growth.  The  tentative  suggestions  put  forward  in  the  comments  on  Experi- 
ment Xo.  IV.,  to  the  effect  that  bacteria  took  nutriment  from  the  water  which, 
even  in  the  event  of  the  larvre  devouring  them,  could  not  be  regained,  is 
confirmed  by  the  results  following  the  re-stocking  of  beakers  G.  i  and  2  after 
the  first  broods  had  been  reared.  The  success  attending  the  careful  adjust- 
ment of  food  to  the  quantity  of  water  and  number  of  larvae  also  testifies  to 
the  correctness  of  the  conclusions  concerning  these  points  in  the  comments 
at  the  close  of  the  various  experunents. 

There  seems  little  doubt  but  that  the  bacteria*  themselves  form  a  readily 
assimilable  form  of  food  for  the  larv?e,  although,  from  the  point  of  rigid 
economy,  a  certain  wastage  occurs  unless  the  several  factors  are  very  nicely 
adjusted.  This,  however,  in  the  terms  of  the  case  is  likely  to  happen  under 
natural  conditions. 

E\perimeui  No.  XXI X. 

ABILITY    OF    THE    LARV.E    AND    PUT.T:    OF    STEGOMYIA 
FASCIATA  TO  SURVIVE    COMPLETE  SUBMERCiENCE.      . 

183  larvae  and  40  pupre  were  placed  in  a  wire  gauze  tube,  5  inches  by 
2  inches.  The  tube  was  then  submerged  in  a  large  pan  of  water,  the  top  of 
the  tube  being  2  inches  beneath  the  surface.  Some  of  the  larvae  escaped 
through  the  18  x  18  mesh  of  which  the  tube  was  constructed,  and  pupae 
were  also  found  outside,  but  these  individuals  may  have  escaped  while  yet 
larvre. 

After    20  hours   an   examination   showed  that   36   per  cent,    had   escaped 
through  the  mesh.     Of  those  which  remained,  78  per  cent,  had  been  killed. 
Pupc'e —    3  living,  36  dead  ;  mortality,  92  per  cent. 
Larvae— 28      „       76     _„  „  73    „      „ 

No  attempt  was  made  to  resuscitate  the  apparently  dead. 


Experimejit  No.  A^VA'. 

TEMPERATURE     EFFECTS     ON     LARV^:     AND    PUP/E 
OF     STEGOMYIA     FASCIATA. 

Heat. — Experiments  were  conducted  in  a  tin  pan  about  6  inches  in  depth, 
holding  6,000  cc.  of  water  with  a  surface  area  of  80  square  inches,  placed 
in  the  open  on  bare  earth  and  exposed  to  the  full  heat  of  the  midday  sun 
during  the  latter  half  of  November.  These  showed  that  both  larvie  and  pupae 
could  easily  withstand  such  conditions,  no  mortality  at  all  being  observed. 
The  test  was  commenced  when  the  larvs,  from  eggs  laid  in  the  pan  by  wild 
females,  were  half  grown  (after  the  second  moult). 

*  Experiments  which  are  now  being  performed  in  collahoration  with  Dr.  E.  E.  Atkin 
prove  thai  washed  bacteria  alone  afford  favourable  food  for  the  larvK,  and  further  suggest, 
though  this  is  not  yet  definitely  established,  that  the  presence  of  living  bacteria  are 
essential  to  the  development  of  the  larvaj. 
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The  temperature  of  the  water  taken  on  three  successive  days  was  as 
follows,  care  being  taken  that  the  thermometer  was  placed  in  the  shade  of  the 
side  of  the  tin  :  — 

24th   November,   3  p.m.  ...  ...      101°  F. 

25tl^  „  3     „  103'    „ 

26th  „  9  a.m 75^   „ 

26th  „  3  p.m 101°   „ 

Larvns  and  pupa^  were  taken  from  this  pan  with  a  quantity  of  the  water 
and  put  into  a  beaker  ;  this  was  placed  in  a  water  bath  and  the  temperature 
slowly  raised.  After  10  minutes  the  temperature  reached  no'  F.,  the  pupa^ 
remaining  active,  but  they  all  kept  close  to  the  surface.  Between  112"  and 
115"  F.,  reached  within  15  minutes,   both  larvae  and  pupa2  died. 

Larvae  from  the  pan  were  treated  similarly,  l)ut  the  course  of  the 
experiment  was  interrupted  ;  the  moment  the  thermometer  registered  112°  F. 
the  t)eaker  was  removed  from  the  bath  and  allowed  to  coul.  All  the  larvre 
seemed  to  be  in  difficulties  ;  most  of  them  remained  at  the  surface,  but  a  few 
continued  to  show  slight  activity  at  the  bottom.  20  hours  later,  the  water 
having  fallen  to  the  laboratory  temperature  of  80°  F.,  about  one-third  to  one-half 
of  the  larvse  had  recovered  their  activity  or  had  pupated,  the  remainder 
were  either  dead  or  dying.  The  survivors  nourished  upon  the  dead  bodies  of 
their  comrades  successfully  completed  their  development,  producing  adults 
which,  so  far  as  outward  appearance  was  concerned,  were  normal. 

From  this  it  would  appear  that  the  upward  limit  of  temperature  is  in  close 
agreement  with  that  for  other  insects,  as  shown  by  PJlacklock  (1912)  with 
bugs  and  Bacot  (19 14)  with  bugs,  fleas  and  cockroaches.^ 

Cold, — A  number  of  larvce  and  pupa^  were  taken  from  various  breeding 
pans  in  wliich  the  water  temperature  was  in  the  neighbourhood  of  80°  F. 

The  beaker  to  which  they  had  been  transferred  was  placed  in  the  ice 
chest  and  cooled  to  about  74°  F.  ;  this  change  did  not  affect  the  insects  at 
all.  It  was  then  placed  on  a  block  of  ice  ;  after  one  hour  the  temperature  of 
the  water  had  fallen  to  49°-5o°  F.  All  the  pupai  remained  active,  and  one 
adult  (a  female)  had  emerged  :  about  half  the  larva;,  including  both  small  and 
large,  had  fallen  to  the  bottom  stiff  and  immovable,  to  all  appearance  dead. 
After  a  furiher  two  hours  on  the  ice  the  temperature  had  fallen  to  40°  F., 
and  all  the  larva;  were  in  stiff  and  stretched  out  positions  at  the  bottom  ; 
while  all  the  pupa.%  with  one  or  two  exceptions,  were  immobile  and  lax  at  the 
surface.  The  beaker  was  removed  from  the  ice  and  the  temperature  allowed 
to  gradually  rise.  At  60°  F.  all  the  pupa;  had  regained  their  full  activity,  but 
the  larvee  showed  no  signs  of  recovery  until  the  temperature  rose  to  70°  F. 
An  hour  later,  when  the  temperature  had  reached  80°  F.,  nearly  all  the  larvae 
had  recovered  their  activity. 

Next  day. — 6  larvae  and  2  pup;e  were  dead  out  of  40  larva;  and  24  pups 
submitted  to  the  test  ;  6  adults  had  emerged  from  pup;T;  ;  from  the  remaining 
larva;  and  pup;^  47  adults  were  reared. 

The  female  which  emerged  from  the  pupa;  while  the  beaker  was  on 
ice  was  placed  in  a  box  and  put  on  the  ice  beneaih  the  blanket.  After  two 
hours  she  showed  no  effect  from  the  cold  beyond  being  slightly  sluggish. 
After  twenty-four  hours  she  was  still  living  and  active.  The  melting  of  the  ice 
prevented  a  continuance  of  the  test. 


Adults  of  S.  fasciata  are  quickly  killed  at  a  temperature  of  50°  C, 


79 


Experiment  A^o.  XXXI. 

SURVIVAL   OF   LARV.E   OF  STEGOMYIA  FASCIATA  ON 
WET    FILTER   PAPER. 

A  larva  in  its  fourth  skin  was  stranded  on  a  piece  of  filter  paper  ;  after 
one  hour's  drying  the  paper  had  become  stiff  and  dry.  The  larva  was 
shrunken  in  appearance  and  incapable  of  movement.  The  small  piece  of 
paper  on  which  it  lay  was  snipped  off  and  returned  to  the  water.  The  larva 
lived  and  remained  active  for  44  hours,  during  which  period  it  could  not  get 
to  the  surface  for  air,  owing  to  one  of  its  gills  being  stuck  to  the  paper. 

Two  pupa^  and  two  larvae  were  found  stranded  on  wet  mud  at  the  bottom 
of  a  half  cocoanut  shell.  They  were  removed  to  wet  filter  paper  and  placed 
in  a  moist  cell.  Within  twenty-four  hours  both  the  pupa;  had  developed  and 
adults  emerged,  but  failed  to  finally  free  themselves  from  the  pupal  envelope. 
One  larva  died  after  three  days,  the  other  lived  for  ten  days,  during  which 
period,  although  kept  wet,  it  was  unable  to  move 


Experiment  No.  XXXII. 
ENEMIES     IN     THE     LARVAL     STAGE. 

MacOregor,  in  his  notes  with  reference  to  the  *breeding  of  Stegotnyia 
faSiiafa  in  London,  states  that  the  young  larva;  are  consumed  by  the  larger 
ones.  The  high  rate  of  mortality  among  newly  hatched  larvs  placed  in 
breeding  pans  which  were  already  stocked,  or  had  been  previously  used  for 
breeding,  was  noticed  early  in  the  course  of  the  results  at  Freetown,  but  the 
cause  was  not  determined.  Cannibalism  among  larvae  of  the  same  age, 
though  watched  for  under  starvation  conditions,  was  never  detected.  What 
appeared  to  be  a  flagrant  case  proved,  on  close  observation  with  the  binocular 
dissecting  microscope,  to  be  two  fully  grown  larvce,  one  half-grown  and  a  very 
small  one,  with  their  jaws  hopelessly  entangled  in  a  small  mass  of  silk  or 
hairs,  probably  a  fragment  of  some  insect  cocoon.  To  the  unaided  eye  the 
presence  of  the  smallest  larva  was  not  apparent,  and  appearances  suggested 
that  two  full-sized  larva;  were  attacking  a  smaller  one.  After  watching 
half-an-hour's  vain  struggles,  a  few  moments'  aid  with  dissecting  needles  set 
all  four  free. 

Larvae  and  pupce  which  died  in  breeding  jars  and  pans  where  food  had 
been  purposely  cut  down  to  a  minimum  were  noted  as  being  untouched  until 
the  process  of  decay  set  in,  when  they  soon  disappeared,  and  a  spurt  by  one 
or  more  of  the  survivors  suggested  that  the  nutriment  set  free  had  been 
absorbed,  even  if  the  carcase  had  not  been  eaten  piecemeal. 

Experiments  carried  out  in  London  after  my  return  home  confirm 
MacGregor's  observation.  Newly  hatched  larvae  when  about  to  moult  are 
apparently  devoured  by  those  which  have  attained  their  fourth  instar,  but  it 


*  "Journal  of  Tropical  Medicine  and  Hygiene,"  Sept.  ist,  1915  ;  No.  17,  Vol.  XVIII., 
pp.  193-6. 


So 

is  questionable  if  danger  results  from  the  presence  of  third  instar  larvae.     A 
single  third  instar  larva  was  placed  in  a  pan  with  9  newly  hatched  ones ,  after 
three  day?,  no  food   being  present,    8  living  and  i  dead  larvae  were  present  in 
the  pan,  in  addition  to  the  third  instar  larva. 
Result,  negative. 

6  newly  hatched  larvaj   were  placed   in   a  glass  pan  with  5  larViX  in 
■  :  their  fourth  skin.     After  24  hours  all  the  young  larvae  were  present, 

some  of  them  having  moulted. 
23  more   newly  hatched    larvje   were  added   to   the   pan   and  7  more 

fourth  skin  larvae,  so  that  the  numbers  stood  at  12  fourth  skin  and 

29  young  larvae,  mostly  newly  hatched. 
After  48  hours  all  the  young  larvte  were  still   living  and  one  of  the 

fourth  skin  larvae  had  pupated. 
After  72  hours  the  young  larvae  were  still  living. 
After  96  hours  the  young  larvae  were  still  living,  and  were  many  of 

them  in  their  fourth   skin,   while  several  of  the   fourth  skin  larvae 

had  pupated. 
Result,  fiegntive. 

\  fresh  trial  was  made  with — 

51  newly-hatched  larvae  and  20  fourth  skin  larv;\,',  in  various  stages 
of  growth.  The  pan  was  of  the  same  size  as  in  the  previous 
experiment.  After  20  hours  only  35  of  the  newly-hatched 
larvae  could  be  found,  31  living  and  4  dead  —a  mortality  of 
31  per  cent.  =  a  ratio  of  four-fifths  to  each  fourth  skin  larva. 
Of   the  living  larvae   13  had  attained  the  second  skin. 

Result,  positive. 

40  larvae  that  had  completed    their   first  moult  were  then   placed  in 

the  pan  with   22   larvae  in  their  fourth  skin. 
After    48    hours    all    the    second    skin    larvae   were    still    living,    a 

number  having  moulted  for  the  second  time. 
Result,  negative. 

12  newly  hatched  larvae  were  placed  with  5  in  their  fourth  skin 
into  a  small  glass  dish. 

After  48  hours  there  were  only  10  of  the  small  larvK  present 
and  I  of  these  was  dead,  a  loss  of  16  per  cent.  =  a  ratio  of  two- 
fifths  to  each  fourth  skin  larva. 

Result,  positive. 

Test  in  filtered  Manure    Water. 

200  newly-hatched  larvae  were  placed  with  20  fourth  skin  larv^  in  various 
stages  of  growth. 

After  24  hours  only  176  of  the  young  larvai  could  be  found,  a  loss  of 
12  per  cent.  =  a    ratio  of  il    newly-hatched  to   each   fourth   skin 
larva. 
Result,  positive. 

■     88  newly-hatched  larvae  were  placed  with  4  in  their  fourth  skin. 

After  24  hours  only  82  of  the  young  larva;  could  be  found,  a    loss 
,\-  of  7  per  cent.  =  a  ratio  of  i^  to  each  fourth   skin   larva. 

'  Result,  positive. 


70  newly-hatched  larv®  were  placed  with   lo  in  their  fourth  skin. 

After  24  hours  only  68  of  the  young  larvae  could  be  found,  a  loss 

of  3  per  cent.  =  a  ratio  or   I  to  each  fourth  skin  larva. 
Rcsii/f,  positive. 

Test  in  clean   Tap    Water. 

no  newly-hatched  larv^  were  placed  with   16  in  their  fourth  skin. 
After  18  hours  only  106  of  the  young  larvae  could  be  found,  a  loss 

of  4  per  cent.  =  a  ratio  of  \  to  each  fourth  skin  larva. 
Result^  positive. 

179  larvag  in  their  first  skins,  most  of  which  had  just  emerged  from  the 
egg,  were  placed  with  20  in  their  fourth  skins. 

After  24  hours  all  the  young  larv^  were  present  but  3   were  dead. 
Result.,  negative. 

332   newly-hatched  larvK  were  placed  with   14  in  their  fourth  skins. 
After   18  hours  only  316  of  the  young  larvae  could  be  found,  a  loss 

of  5  per  cent.  =  a  ratio  of  il   to  each  fourth  skin  larva. 
Result,  positive. 

A  number  of  dissections  were  made  of  the  fourth  skin  larvre  used  in 
the  above  tests  and  also  of  fourth  skin  larvae  in  various  stages  of  growth 
which  had  been  kept  for  from  two  or  three  hours  up  to  a  day  or  longer 
in  jars  of  water  with  large  numbers  of  newly-hatched  ones.  No  remains 
of  small  larvae,  however,  were  traced  in  either  stomach  or  intestine.  Close 
observation  on  several  occasions  revealed  no  cases  of  ingestion  and  no 
desire  or  attempt  was  ever  evinced  by  large  larvae  to  catch  the  small  ones. 
Even  under  such  crowded  conditions  that  accidental  ingestion  seemed 
inevitable  the  act  was  never  witnessed.  The  sole  direct  evidence  of  ingestion 
obtained  was  the  head  capsule  of  a  first  skin  larva  recovered  from  faeces 
passed  by  a  fourth  skin  larva.  The  conditions  under  which  this  was 
found,  however,  preclude  it  being  a  case  of  the  swallowing  of  a  cast  skin 
unless  it  had  remained  in  the  gut  for  two  or  more  days,  as  none  of  the 
young  larvK  had  moulted  during  the  period  of  the  experiment. 

On  the  whole  the  evidence  (especially  the  frequent  finding  of  dead 
first-skin  larvje  in  containers  in  which  fourth  skin  larvte  are  present)  seems 
to  point  to  the  devouring  of  the  young  larvte  by  the  larger  ones  being  a 
matter  of  chance.  There  remains,  however,  the  possibility  that  cannibalism 
is  a  variable  habit  occurring  in  a  few  larvae  or  certain  strains  of  the 
insect  only. 

It  seems  therefore  that  the  fourth  instar  larvte  may  be  themselves  among 
the  most  formidable  agents  in  the  destruction  of  their  species.  The  habit 
of  breeding  in  small  collections  of  water,  while  saving  the  species  from  a 
death  toll  by  other  enemies,  enhances  the  opportunities  and  danger  of 
fratricide.  The  action  of  the  two  habits,  togeiher  with  the  intermittent 
hatching  of  the  eggs,  will  be  that  of  a  sliding  scale  to  keep  the  adult 
population  at  a  comparatively  even  level.  It  will  be  a  matter  of  some 
interest  to  see  if  the  same  habit  of  fratricide  obtains  in  other  species. 

Apart  from  either  competition  or  fratricide,  breeding  in  small  scattered 
collections  of  water  largely  precludes  the  action  of  predatory  enemies 
during  the  larval  stage  of  this  species.  Ducks,  if  free  to  roam  about  the 
precincts  of  the  dwelling,  will  doubtless  do  an  enormous  amount  of  useful 
work  ;  they  will,   however,  destroy  other  predatory  enemies    of    mosquitoes, 
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such  as  frogs,  dragon  fly  larvfe  and  water  beetles,  which  may  be  present 
in  the  larger  pools,  without  discrimination.  This  does  not  seriously  militate 
against  their  services,  however,  as  most  of  the  larger  predatory  insects,  at 
any  rate,  are  likely  to  have  a  wider  range  than  mosquitoes,  and  will  tend 
to  rapidly  repopulate  from  outside  the  areas  cleared  by  ducks. 

Fish,  which  are  of  great  value  in  holding  in  check  species  ot  mosquitoes 
which  breed  in  permanent  pools  or  streams  of  water,  are  likely  to  be  of  small 
value  as  enemies  of  5.  fasciata,  although  species  with  similar  habits  to  those 
of  carp  and  tench  might  be  utilised  in  water  butts  or  cisterns. 

Tadpoles,  as  stated  by  Stephens  and  Christophers  (1908)  and  other  authors, 
do  not  attack  mosquito  larvte,  though  they  probably  have  a  checking  influence 
owing  to  competition  in  the  matter  of  food  supply.  Direct  experiment 
proved  that  even  in  a  crowded  jar  there  was  no  mortality  to  well  grown 
mosquito  larvae,  transformation  to  the  adult  stage  taking  place  as  usual. 
It  is  possible,  however,  that  the  small  larvae  undergoing  the  first  moult 
might  be  engulfed. 

A  small  water-bug  belonging  to  the  Micfojiecta  was  found  in  very  small 
rock  pools  with  larvae  of  S.  sugens  and  Anopheles  costalis.  In  captivity  it 
attacked  and  sucked  the  juices  of  larvae  of  S.  sugens.  Its  power  of  flight 
would  enable  it  to  transfer  itself  from  pool  to  pool  if  scarcity  of  food  or 
drought  rendered  them  untenable,  but  the  species  was  never  seen  in 
sufficient  numbers  to  warrant  the  supposition  that  it  would  do  more  than 
take  a  moderate  toll  of  the  larvfe  it  fed  on. 

The  presence  of  a  species  of  Os/racoda,  probably  belonging  to  the  genus 
Cypris,  in  breeding  pans  or  jars  appears  to  be  inimical  to  mosquito  larvae. 
This  seems  to  be  due  to  competition  in  respect  of  food  solely,  as  the 
larvae  {S.  fasciata)  added  to  water  containing  the  Ostracoda  live  for  a 
longer  or  shorter  time,  but  seem  unable  to  proceed  with  their  develop- 
ment, few,  if  any,  succeeding  in  attaining  the  adult  stage.  A  similar 
phenomenon  has  been  noted  in  England  with  regard  to  Cukx  pipiens — 
small  pools  in  Epping  Forest  which  were  populated  with  a  minute  crus- 
tacean being  tree  of  mosquito  larv^. 
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(O  ADULTS. 
General  Notes. 

Pairing  and  feeding  with  Stegoniyia  fasciata  in  captivity  are  not 
restricted  to  any  particular  period  of  the  day  or  night.  No  doubt  if 
an  accurate  census  could  be  taken,  the  late  afternoon  or  evening 
might  be  found  to  be  the  most  favoured  period,  but  when  numbers  of 
recently  emerged  specimens  are  placed  in  a  cage  pairing  commences 
almost  immediately,  and  feeding,  on  the  part  of  a  proportion  of  the 
females,  at  the  earliest  opportunit}'. 

There  seems  to  be  no  regular  precedence  of  one  or  the  other 
function,  but  females  heavy  with  blood  are  too  sluggish  to  pair  and  tend 
to  rest  low  down  in  the  cage,  or  even  on  its  floor.  An\thing  less 
than  a  full  meal  only  slighth'  impairs  their  activity  and  pairing 
proceeds  as  usual.  If  the  initial  meal  of  blood  be  interrupted  they 
will  feed  again  within  the  next  few  minutes,  satiety  being  evidently 
instinctively  aimed  at. 

Feeding. — The  effect  of  drought  as  a  deterrent  to  feeding  was  very 
noticeable,  both  in  the  cages  within  doors  and  especially  in  the 
mosquito  house  out  of  doors. 

In  the  cages,  both  by  day  and  at  night,  the  harmattan  periods 
did  not  interfere  with  feeding  and  &^^  laying  to  an}'  extent,  because 
the  time  allowed  for  feeding  was  ample,  but  in  the  mosquito  house, 
where  the  visits  were  of  short  duration,  the  effect  of  dry  periods  was 
much  more  noticeable.  In  place  of  the  surging  swarms  which  usualh- 
rushed  on  their  prey,  only  a  few  individuals  put  in  an  appearance 
to  feed  on  my  entrance.  Within  a  few  minutes,  however,  the  insects 
issued  from  their  hiding  places  and  commenced  to  attack.  The 
evidence  as  a  whole  suggests  that,  while  the  dry  air  is  the  cause 
of  retirement  to  any  available  shelter  from  the  wind,  it  is  not  dis- 
inclination to  feed  that  prevents  the  mosquitoes  biting  so  readily^ 
but  failure  to  recognize  the  presence  of  a  host.  Probably  it  is  the 
absence  of  odour  which  delays  attacks  in  drj-  weather.  The 
bites,  if  numerous,  have  the  effect  of  inducing  a  profusion  of  per- 
spiration, especially  in  warm  weather  and  before  one  becomes 
thoroughly  inured  to  their  attacks,  while  the  free  flow  of  perspiration 
seems  to  attract  the  insects. 
G* 
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Pairing  commences  during  flight,  but  is  usually  consummated 
while  at  rest,  and  occupies  but  a  few  moments  at  most.  The  position 
when  the  pair  have  settled  varies  considerably.  A  tail  to  tail 
position  was  observed,  but  is  rare  ;  side  by  side,  with  bodies  tilted 
at  an  angle  to  each  other  and  the  surface  on  which  they  are  resting 
is  not  uncommon,  but  the  usual  position  seems  to  be  for  the  male 
to  embrace  the  female  and  underlie  her  with  his  back  to  the  resting 
surface. 

General  observation  suggests  that  the  same  female,  possibly  the 
same  pair,  copulate  several  times  in  quick  succession,  but  no  experi- 
mental proof  of  this  was  obtained  when  a  single  pair  were 
segregated. 

Captive  females  refuse  to  suck  blood  for  some  hours,  in  most 
instances  for  at  least  a  day,  prior  to  egg  laying,  and,  if  the  bulk  of 
their  egg  masses  are  not  extruded  on  the  first  night,  they  will  not 
as  a  rule  feed  again  until  after  the  deposition  of  the  remaining  eggs. 
Evidence  is  afforded  by  the  record  of  the  female  used  in  Experiment 
No.  IX.  on  page  34. 

Vigorous  females  almost  invariabl}-  feed  within  twenty-four  hours 
after  clearing  their  ovaries  of  mature  eggs,  and  on  the  following  day  as 
well.  On  the  third  or  fourth  day  they  usually  abstain,  a  fresh  batch  of 
eggs  having  developed.  Weak  or  elderly  females  are  much  more 
erratic,  both  as  to  feeding  and  the  deposition  of  eggs.  There  is  dii^ect 
evidence  in  Experiments  Nos.  XLI.  and  XLII.  of  the  retention  of 
eggs  for  considerable  periods  by  some  females.  The  proportion 
exhibiting  the  habit  is  not  large,  and  the  period  of  retention  is 
variable  ;  while  it  is  possible  that  further  meals  of  blood  would  have 
induced  some  of  these  females  to  deposit  their  eggs  earlier,  it  is  to 
be  noted  that  the  habit  was  observed  in  a  few  instances  in  the  case 
of  females  which  were  afforded  nightly  opportunities  of  sucking 
blood.  Probably  the  habit  affords  evidence  of  a  more  or  less  latent 
instinct,  connected  with  aestivation,  which  preceded  the  evolution  by 
the  various  species  of  Stegomyia  of  eggs  so  perfectly  adapted  to 
resist  drought  as  those  which  are  now  produced. 

A  single  full  meal  of  human  blood  was  found  to  be  sufficient  for 
the  development  of  the  ovaries.  Eggs  were  deposited  in  many 
instances  after  a  single  meal  of  blood,  and  trial  showed  that  these 
eggs  were  fertile. 

Females  fed  on  a  goat,  dogs,  a  ground  pig  (Bandicoot)  and  wild 
rats  (Mus  rattus)  also  developed  their  ovaries  after  a  single  meal  of 
blood  from   these  animals.     In  the   case  of  those  fed   on   Mus  rattus 
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trials  were  carried  out  to  see  if  the  eggs  were  ripe  for  deposition.  A 
female  was  placed  in  a  jar  with  wet  filter  paper  and,  after  the  lapse  of 
a  few  days,  deposited  a  batch  of  eggs  which,  after  incubation,  hatched 
within  a  few  minutes  of  their  immersion. 

The  la}-ing  of  eggs  on  an}'  diet  other  than  circulating  blood  is  a  rare 
but  not  unrecorded  phenomenon.  Otto  and  Neumann  (1905)  succeeded 
in  obtaining  fertile  eggs  when  the  females  had  been  fed  on  blood  and 
salt  solution.  Two  instances  occurred  in  the  course  of  the  present 
research  of  single  eggs  being  laid  by  females  that  had  no  opportunit}' 
of  feeding  on  a  living  animal.  In  one  case  the  females  were  fed  on 
blood  mixed  with  hone}-,  in  the  other  on  blood  mixed  with  syrup.  In 
the  latter  instance  the  egg  proved  to  be  fertile.  These  foods  were 
chosen  with  the  special  object  of  testing  the  practicabilit}-  of  breeding 
v/ithout  allowing  them  to  feed  on  a  living  animal,  as  the  practical 
advantage  of  such  a  method  would  be  very  great.  In  the  face  of  the 
extreme  rarity  of  egg-laying  under  the  conditions,  however,  the 
experiments  must  be  considered  as  failing  of  their  purpose. 

Eggs  were  only  deposited  when  water  or  saturated  surfaces  were 
available.  An  experimental  test  (No.  XLIII.)  carried  out  with  a  view 
to  confirm  this  general  observation  resulted  in  a  single  infertile  egg 
being  laid  by  one  of  thirty-nine  regularly  fed  and  presumably 
fertilized  females. 

Length  of  Adult  Life. 

It  is  impossible  to  ascertain  the  length  of  life  of  adult  mosquitoes 
under  natural  conditions.  Even  under  semi-natural  conditions  the 
difficulties  are  great  and  increase  just  in  proportion  as  nature  is 
simulated. 

The  larger  the  containing  cage,  the  greater  the  difficulties  of 
counting  and  obtaining  any  exact  figures  of  the  mortality,  while 
reduction  in  size  leads  to  difficulties  in  feeding  and  the  introduction 
of  specimens. 

In  either  case  a  small  mesh  netting  (18  x  18  to  the  inch  for 
5".  fasciatd)  must  be  used  to  obviate  escape  ;  this  greatly  militates 
against  a  free  draught  of  air,  and  in  the  case  of  small  confining 
chambers  it  becomes  only  practicable  to  record  the  temperature 
and  humidity  in  the  immediate  vicinity  exterior  to  such  cages. 

Probably,  while  the  shielding  afforded  b}-  captivity  tends  to  reduce 
the  general  mortality,  no  artificial  conditions  can  be  arranged  so 
favourable  to  the  exceptionalh'  long-lived  and  lucky  mosquito  as 
those  obtaining-  in   freedom. 
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The  ability  to  shift  its  resting  place  to  meet  the  needs  of  every 
change  of  humidity  or  temperature  both  daily  or  hourly  is  an  asset 
which  is  reduced  to  such  narrow  limits  by  captivity  as  to  be  all 
but  valueless. 

Two  plans  were  followed  to  obtain  feasible  results  in  this 
research  ;  the  one  of  confining  50  or  100  adults  in  wire  gauze  cylinders 
4^  ins.  X  2  ins.,  the  other  of  keeping  them  in  the  convenient  cage 
that  can  be  made  out  of  a  large  sized  hurricane  lamp  chimney, 
the  top  covered  with  fine  gauze  while  the  open  lower  end  is  placed 
downwards  on  a  pad  of  either  dry  or  wet  filter  paper  placed  in  a 
wide  shallow  tin  lid. 

The  first  method  allowed  of  the  nearest  approach  to  natural 
conditions  of  drought  or  humidity,  it  was  possible  to  devise  with 
the  object  in  view,  while  the  latter  afforded  a  more  favourable  way 
of  testing  the  effect  of  different  foods,  egg-laying,  etc.  The  wire 
gauze  tubes  were  placed  in  a  variety  of  situations  but  the  necessity 
of  making  use  of  some  device  to  prevent  the  ants  reaching  them 
considerably  limited  the  possible  range. 

Mosquitoes  were  allowed  to  emerge  direct  into  the  tubes,  a 
plan  that  avoided  much  waste  of  time  and  allowed  of  accuracy  in 
respect  of  their  age,  but  had  the  disadvantage  that  records  of  sex 
and  numbers  could  only  be  accurately  ascertained  after  their  death. 
The  sex  has  been  recorded  wherever  possible,  but  when  the  insects 
were  placed  in  damp  situations  the  remains  were  frequently  too 
mildewed  or  decayed  to  admit  of  their  sex  being  discriminated  ; 
while  in  some  instances  the  actual  numbers  after  the  mid  period 
of  the  experiment  are  approximate  only,  owing  to  the  same  causes. 
Such  situations  as  the  Well  in  the  Sanitary  Department  Compound, 
the  Pit  in  the  Mosquito  house,  and,  in  some  cases,  the  Yard  at 
26,  Westmoreland  Street,  led  to  trouble  in  this  respect. 

Ants  were  responsible  for  the  wrecking  of  a  number  of  experi- 
ments and  caused  both  waste  of  time  and  effort,  while  the  rotting 
through  of  the  cord  or  rope  used  to  lower  the  tubes  and  isolation 
pan  down  the  well  was  a  source  of  annoyance. 

In  all  the  experimental  records  the  period  of  life  tends  to  err 
by  the  length  of  the  period  between  each  examination.  In  every  case 
the  extreme  has  been  taken,  the  mosquitoes  being  assumed  to  have 
lived  up  to  the  date  on  which  they  were  found  to  be  dead.  In  most 
cases  the  examination  was  daily,  but  in  the  Pit  it  was  occasionally 
every  other  day,  while  in  the  Well  only  two  examinations  a  week 
could  be  made,  so  that  the  error  might  amount  to  three  or  four  days. 
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It  will  be  safe,  therefore,  to  assume  that   the  lives  recorded  are  the 
limits  under  the  particular  conditions  involved. 

W'ithout  food  the  adult  life,  under  favourable  conditions,  although 
short,  is  by  no  means  inconsiderable  for  so  small  and  active  an 
insect,  an  average  of  6  to  8  days,  with  an  extreme  of  I2  days,  being 
recorded.  This  compares  favourably  with  the  records  in  which  food 
was  given  in  less  suitable  situations.  It  would  appear  to  be  a 
general  rule  that  the  environmental  conditions  are  more  important 
than  the  food;  honey  and  syrup  given  under  moist  conditions  giving  a 
longer  average  life  than  blood  under  dry  ones.  Another  point  which 
the  budget  of  record  shows  is  that  the  kind  of  food  given  makes 
far  less  difference  to  the  average  length  of  life  than  it  does  to  that 
of  the  exceptionally  long  lived  individuals. 

The  second  plan  was  used  in  the  attempt  to  ascertain  the  extreme 
age  limit  under  favourable  conditions  when  fed  on  various  foods. 

Hurricane  lamp  chimne\'  cages  were  also  employed  in  the  experi- 
ments dealing  with  egg  production  on  a  single  meal  of  blood  and  the 
attempt  to  induce  egg-laying  by  giving  a  mixture  of  blood,  either 
fresh  or  dried,  with  honey  or  syrup  as  food.  The  air  in  these  cages 
would  be  still,  if  not  stagnant,  so  that  the  use  of  a  dry,  in  place  of  a 
wet  filter  paper,  as  a  base  in  some  of  the  trials,  would  not  necessarily 
cause  a  drying  atmosphere,  though  of  course  it  would  be  dry  if 
compared  with  the  saturated  conditions  which  obtained  when  the 
base  rested  on  wetted  paper  and  the  gauze  top  was  covered  with  a 
piece  of  glass.  All  the  experiments  in  which  these  lamp  chimney 
cages  were  used  were  carried  out  at  the  quarters  in  Westmoreland 
Street,  so  that  the  working  room  temperature  and  humidity  chart 
applies  to  all  of  them. 

In  the  second  series  the  advantages  of  moist  over  drier  conditions 
are  far  less  apparent,  in  fact,  the  suggestion  is  rather  that  humidity 
may  be  in  excess  of  what  is  desirable  from  the  mosquito's  point  of 
view.  This  impression  is,  however,  partly  due  to  an  accident  causing 
a  high  concentration  of  the  syrup  given  as  food  in  one  of  the 
experiments,  and  also  to  the  fact  that  a  number  of  the  insects  got 
their  legs  into  a  sticky  condition,  and  this  apparently  raised  the 
death  rate  at  an  earl}'  period  of  the  experiment.  On  the  whole, 
syrup  gave  a  better  result  than  honc}',  possibly  because  it  was 
more  fluid.  Banana,  again,  gave  less  favourable  results  than  either 
honey  or  s\-rup  ;  this  may  also  be  owing  to  the  fluids  in  the  over- 
ripe fruit  being  less  easily  obtainable  than  syrup  from  cotton- 
wool.    The  longest  female  lives  recorded   in  the  series  are  of  those 
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fed  on  a  mixture  of  blood  and  syrup  or  blood  and  honey.  The 
average  ratio  of  life  of  the  males  in  comparison  with  that  of  the 
females  would  seem  to  be  from  about  3  to  5   or  2  to  3. 

An  experiment  (No.  XLIII.)  carried  out  with  the  double  object 
of  ascertaining  if  the  females  would  lay  eggs  apart  from  water  or 
wet  surfaces,  and  their  length  of  life  when  well  fed  on  human 
blood  under  these  conditions,  shows  that  such  circumstances  are 
not  detrimental  to  longevity,  the  average  life  of  31 '3  days,  with  an 
extreme  of  74  days,  comparing  not  unfavourably  with  that  recorded 
when  they  are  afforded  opportunities  of  oviposition. 


Experiment  No.  XXXIII. 

CHOICE  OF   SITUATION    FOR    OVIPOSITION  BY  FEJvIALES 
OF    STEGOMYIA    FASCIATA. 

At  an  early  stage  of  the  research  trials  were  commenced  to  see  if 
ovipositing  females  lay  their  eggs  in  any  receptacle  containing  water  without 
reference  to  its  situation  or  if,  as  is  commonly  stated,  they  show  a  preference 
for  certain  rooms  or  positions.  Various  utensils  containing  water  were  placed 
in  the  basement,  outbuilding,  yard,  living  room,  bedroom,  etc.,  in  the  quarters 
at  26,  Westmoreland  Street. 

A  careful  search  was  made  every  three  or  four  days  for  a  month.  The 
record    is    as   follows  : — 

Bedroom. — i    larva,   S.  fasciata. 

Bathroom. — A  few  larvae  and  ova  of  .S'.  fasciata,  also  a  batch  of  eggs 

of  Ciiliciomyia  nebiilosa. 
Covered    Wooden    Gallery    (containing    pantry   and    sink    where    the 
"  boys  "  wash  up). — A  few  eggs  and  larvae  of  S.  fasciata. 
These   latter  occurred  in  a  water  pan  in  which  one  of  the  legs  of  the  .safe 
was  placed.     It  is  possible  that  they  resulted  from   eggs  left  over  from  the 
previous  tenancy.     The  basement,  yard,  kitchen,  store-room,  dining-room,  and 
living-roo}n  were  all  negative. 

This  preliminary   trial  was   followed   by  another,   covering   the  month  of 
October,  in  which  new   card  cream  jars  of  one  pint  capacity  were  used,  the 
jars  being  half  full  of  filtered  rain  water.     The  situations  were  as  follows  : — 
Bedroom. 
Dining-room. 
Sitting-room. 
Store-room. 
Hall. 
'  Basement  fronting  on  the  street,  kept   closed  but  opening  on  the  yard 
through  an  unglazed  window. 
Gallery  with  pantry  and  sink. 
Kitchen. 
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Bathroom. 

Room  beneath  bathroom  where  the  house  boy  slept. 
Cellar  beneath  kitchen. 
Yard. 
Careful  search  for  eggs   and   lar\ai  was   made  every  three   or  four  days 


(twice  a  week). 


Result. 


Only  the  jar  in  the  kitchen  was  visited.  The  water  in  this  jar  became 
very  thick  and  foul  owing  to  dust,  dirt  and  insects  falling  in.  Numbers  of 
eggs  of  S.  fasciaia  were  laid  in  it.  Although  the  jar  in  the  gallery  was  not 
visited  two  of  the  water  pans  in  which  the  legs  of  the  safe  stood  had  eggs 
laid  in  them,  and  a  jar  of  water  in  the  sitting-room  in  which  some  cut  plants 
were  placed  also  received  the  attention  of  an  egg-laying  female.  The  small 
jar  placed  in  the  yard  was  not  visited,  but  a  large  tin  bowl,  put  out  with  the 
object  of  getting  a  supply  of  rain  water,  was,  and  soon  produced  numbers  of 
larvcX  of  S.  fasciata,  among  which  were  some  of  Eretmopodites  qiiinquevittatiis 
and  S.  hiteocephala. 

In  the  mosquito  house  a  wooden  tub,  several  tin  pans,  and  basins,  and  a 
new  galvanized  iron  pail  were  used.  Both  the  tins  and  wooden  tub  were 
favoured  :  the  pail  was  avoided,  and  several  successive  lots  of  larvae  put  in 
died  off  almost  immediately. 

It  was  not  until  after  the  pail   had   been   twice  thoroughly  scrubbed  out 
with  soap  and  water,  and  allowed  to  stand  in  the  sun  for  a  week,  full  of  rain 
water,  that  it  became   a  possible  breeding  place  for  S.  fascia ta.     Altogether,, 
with  the  various  tests  in   between  the  scourings,  etc.,  it  took  a  matter  of  six 
weeks  to  two  months  before  the  pail  was  serviceable  for  breeding  purposes. 


Experiment  No.  XXXIV. 
BAIT.S    TO    ATTRACT    PREGNANT    FEMALES. 

The  perusal  of  minute  Ref.  CO.  51,476,  24th  December,  1914,  together 
with  the  attached  papers  concerning  a  mosquito  trap  suggested  by 
Dr.  E.  Peter,  of  Duala,  Kameroons,  led  to  further  experiments  designed 
to  throw  light  on  the  extent  to  which  ovipositing  females  select  water 
contaminated  with  organic  matter  in  preference  to  clean. 

1st  Trial. — A  number  of  freshly  emerged  S.  fasciata  were  put  into  a 
large  cage.  Honey  was  supplied  for  the  males  while  the  females  were 
afforded  ample  opportunity  of  imbibing  human  blood  every  night. 

Two  beakers,  each  containing  200  cc.  of  tap  water,  had  six  slips  of 
filter  paper  arranged  with  one  end  in  the  water  and  the  other  turned  over 
the  rim. 

In  one,  A,  nothing  was  added,  in  the  other,  i?,  two  dead  grasshoppers 
were  placed.  Both  were  placed  in  the  cage  containing  the  mosquitoes, 
and  their  relative  positions  were  reversed  during  the  course  of  the 
experiment. 
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After  five  days  the  water  in  B  was  cloudy  and  thick  with  a  scum  on 
the  surface ;  it  also  smelt  badly.  The  water  in  A  was  not  appreciably  less 
clear  than  at  the  start. 

In  A,  62  eggs  (14  per  cent,  of  the  total)  were  laid  on  the  filter 
paper  at  various  distances  between  water  level  and  one  inch 
above  it,  mostly  about  midway  up. 
In  B,  392  eggs  (86  per  cent,  of  the  total)  were  laid,  28  on  the 
surface  scum,  the  remainder  on  the  filter  paper  over  a  much 
wider  area  above  water  level  than  in  A. 

2nd  Trial. — Into  the  same  cage  three  beakers  prepared  as  previously 
were  placed. 

Into  A.,  tap  water  only. 

Into  i),   I   cc.  of  sheep's  bile  that  had  been  kept  for  three  months. 

Into  C,    '5  gr.  of  Bile  Salts  (Sodium  Taurochlorate). 

After  two  days  in  the  cage  eggs  had  been  deposited  as  follows  : — 

A.  58  eggs  on  the  filter  paper  I  65    eggs  =  23    per    cent. 

7  eggs  on  the  glass  or  water  surface  j         of  the  total  laid. 

B.  "]!   eggs  on  the  filter  paper  {  100    eggs  =  35    per   cent. 
29  eggs  on  the  glass  or  water  surface  /         of  the  total  laid. 

C.  99  eggs  on  the  filter  paper  )  119    eggs  =  42    per   cent. 
20  eggs  on  the  glass  or  water  surface  J  of  the  total  laid. 

jrd  Trial. — Four  beakers  were  prepared  as  previously. 
Into  A,  tap  water  only. 

Into  B,  "5  gr.  of  dried  and  powdered  cockroach. 
Into  C,   "5  gr.  of  dried  and  powdered  leaves  of  cottonwood  tree. 
Into  D,   "5  gr.  of  dried  crushed  rice. 
The  beakers  were  then  placed  in  an  incubator  at  95°  F.  for  24  hours 
and    then    put    into    the    cage    with    the    mosquitoes    for    two    days,    their 
positions  being  changed  about  after  the  first  day. 

After  two  days  in  the  cage  eggs  had  been  deposited  as  follows  : — 

A.  418  eggs  on  the  filter  paper  1  433    eggs  =  26    per    cent. 

15  eggs  on  the  glass  or  water  surface  J         of  the  total  laid. 

B.  667  eggs  on  the  filter  paper  1  787    eggs  =  48    per   cent. 
120  eggs  on  the  glass  or  water  surface  J         of  the  total  laid. 

C.  160  eggs  on  the  filter  paper  i  188    eggs  =12    per   cent. 

28  eggs  on  the  glass  or  water  surface  j  of  the  total  laid. 

D.  231  eggs  on  the  filter  paper  )  237    eggs  =14  per  cent. 

6  eggs  on  the  glass  or  water  surface  J         of  the  total  laid. 

In  all  1,645  eggs  were  laid. 

The  water  in  B  had  a  whitish  surface  scum  and  smelt  badly.  In  C  it 
was  pale  brown  and  smelt  rather  like  weak  tea.  In  D  it  was  thick  and 
cloudy  without  any  noticeable  smell. 

While  the  evidence  of  selection  in  all  three  trials  appears  definite,  it 
is  very  far  from  being  of  the  unanimous  unvarying  character  that  might 
be  expected  from  a  deep  seated  instinct  coupled  with  larval  needs.  On 
the  contrary,  it  carries  with  it  a  certain  suggestion  of  bias  on  the  part  of  the 
females  in  reference  to  their  own  tastes,  largely  parallel  but  not  necessarily 
identical  with  provision  for  their  offspring  ;  otherwise,  why  the  neglect  of  the 
suffusion  of  leaves,  possibly  bitter,  and  rice  water,  possibly  sour,  either  of 
which  would  afford  better  chances  for  larval  development  than  plain  water  ? 
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Experiment  No.  XXXV. 

LENGTH  OF  LIFE  WHEN  CONFINED  IN  WIRE  GAUZE   TUBES 

UNDER    VARIOUS   CONDITIONS. 

In  considering  the  relative  length  of  life  as  recorded  in  the  various 
trials,  the  situation  as  well  as  temperature  and  humidity  must  be  borne 
in  mind,  as  local  conditions  have  a  quite  considerable  influence  on  the 
amount  of  drought  and  circulation  of  the  air. 

Charts  recording  the  temperature  and  humidity  in  the  vaiious  places 
where  the  tests  were  made,  follow  the  descriptions  of  these  situations.  In 
addition,  a  chart  compiled  from  the  official  Meteorological  Report  of  the 
9  a.m.  readings  at  the  Freetown  Meteorological  Station  is  appended  as 
a  guide  to  the  general  conditions  obtaining  during  the  months  that  no 
records  were  taken  in  the  various  trial  situations.  The  record_  for  the  well 
only  covers  the  actual  periods  of  the  tests  and  is  not  translated  into  a  curve. 

A  partial  record  of  the  maximum  and  minimum  temperatures  and 
weekly  extremes  is  also  appended.  This  covers  the  period  from  September 
nth  to  December  4th  in  the  laboratory,  from  December  4th  to  February 
27th  in  the  animal  house,  and  from  Febiuary  27th  to  July  31st  in  the 
mosquito  house,  and  affords  some  idea  of  extremes  registered  in  these 
three  situations.  As  only  one  registering  thermometer  was  available,  it 
was  a  matter   of  choice  between    one  complete  or  several   partial  records. 

A  record  of  temperature  and  humidity  in  the  laboratory  is  included 
in  the  "  General  Notes  "  prefacing  the  larval  section. 

Yard  at  Quarters,  Westmorelmid  Street.— i:)\\'i  was  small,  overhung  by 
trees,  surrounded  on  three  sides  by  buildings  and  on  the  fourth  by  a  high 
wall.  No  weeds  were  present  on  the  small  plot  of  soil  where  the  pen 
was  fixed.     On  the  whole  a  cool,  moist,  favourable  situation.     {See  page  92). 

Cage  in  Quarters,  Westniorelatid  Street. — This  stood  on  a  table  about 
4  feet  from  the  ground  on  the  first  floor  facing  the  stairway.  This  situation 
was  dark,  a  few  gleams  of  late  afternoon  sunlight  being  the  most  that  ever 
penetrated  to  the  cage,  but,  on  the  other  hand,  it  was  well  ventilated. 
{See  page  93). 

CoTHpound  at  the  Hospital. — The  pen  was  placed  in  an  open,  sunny 
spot,  slightly  shaded  at  midday  by  eucalyptus  trees.  The  insects  confined 
here  were  subjected  to  greater  extremes  of  heat  and  drought  than  in  any 
of  the  other  situations.     {See  page  94). 

Anitnal  House. — (Plate  No.  20,  page  96).  Darker,  cooler  and  less 
well  ventilated  than  the  cage  at  quarters  in  Westmoreland  Street.  The 
air  would  also  be  cooler  and  more  moist  at  night.     {See  page  95). 

Mosquito  House. ~-(^h.\.&  No.  21,  page  96).  This  was  sheltered  under  a 
small  but  densely  leaved  tree  and  also  by  a  tall  shrub.  It  was  shut  in  on 
east  and  south  by  buildings  and  on  the  west  by  a  high  wall  a  few  yards 
distant  from  it.  On  the  north  it  was  exposed,  but  obtained  some  shelter 
from  two  small  trees  about  ten  yards  away.  On  the  whole,  a  shaded 
situation  tending  to  be  both  cool  and  moist.     {See  page  97). 

Mosquito  House  Pit. — The  pit  within  the  Mosquito  House  was  two 
feet  by  two-and-a-half  feet  in  area,  and  two  feet  deep,  lined  with  rough 
planks.  It  was  covered  by  a  wooden  lid,  which  left  an  open  crack  half 
an  inch  wide.  This  situation  was  very  dark,  ill  ventilated  and  humid. 
{See  page  98). 


92 


Chart  No.   2. 

Curves     of     Temperature     and     Humidity     in     Yard     at 
26,  Westmoreland  Street,  Freetown,  Sierra  Leone. 
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Chart  No.  3. 

Curves  of  Temperature  and  Humidity  in  Working  Room  at 
26,  Westmoreland  Street,  Freetown. 


NOVEMBER       DECEMBER  JANUARY  FEBRUARY         MARCH  APRIL 

7   U  21   28   5    12   19  26  2     9^  16  23  30    6    13   20  27   6    13   20  27   3    10   17  24    1 

r 


MAY  JUNE  JULY 

15   22  29    5    12   19   26    3    10    17  24  31 


1    1    1    1 

u. 

A  "1  *'' 

\  - 

•82 

As            9  " 

'81 

f\J       •    - 

'80 

- 

■79 

J/ 

•78 
"77 
'76 
'75 

■:■,   .: 

74 

■■■.  .■: 

■73 

■72 

6             "" 

■71 
■70 

■69 

\ 

1      >^  - 

■68 
■67 

; 

■66 

'     ; 

65 

,    ' 

■64 

1  '        i 

'63 

, ; 

■62 

1 
;' 

■61 

X                     - 

'60 

_ 

•59 

_ 

■58 

_ 

'57 

_ 

'56 

_ 

•55 

_ 

■54 

_ 

53 

_ 

•52 

A 

■51 

\        _ 

■50 

'^x;- ..,  - 

•49 
•48 

\ 

■47 

>-^  _ 

■48 

_ 

•45 

_ 

■44 

- 

43 

- 

■42 

_ 

■41 

- 

•40 

_ 

■39 

- 

•38 

- 

•37 

- 

■36 

_ 

•35 

_ 

34 

_ 

•33 

- 

•32 

_ 

•31 

7    14  21   28   5    12   19  26    2    9    16  23  30    6    13  20  27    6    13  20  27    3    10  17  24    1     8    15  22  29    5    12  19  26    3    10   17  24  31 
NOVEMBER       OECEMBER  JANUARY  FEBRUARY  MARCH  APRIL  MAY  JUNE  JULY 

Observations  made  at  7  a.m  ,  Xuon,  and  7  p.m.  each  day  : — 

Temperature 7  a.m.     Humidity  ^^  — 

Noon  ,,  :::::::::::: 


7  p.m. 


Minimum  Humidity  records  in  each  week       — 


94 
Chart  No.  4 
Curves    ok    Temperature    and    Humiditv    in    Compo^o    .t 
CoLoxiAi.  HospiTAr,,   Freetown. 

DECEMBER       JANUARY  FEBRUARY         MARCH  APRIL  mav 


"  ■  '*"*'  JUNE  ju|_y 


Observations  at  9  a.m.  each  day  :— 

temperature ..  rr 

Minimum  Humidity  record  in  each  week        - '^' 


95 

Chart  No.  5. 

Curves  of  Temperature  and  Humidity  in  Animal  House  at 

CoTONiAT.  Hospital,  Freetown. 
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Plaie  No.  20. 
Animal    House,   Colonial  Hospital,  Freetown. 


Plate  No.  21. 
The  Mosquito  House. 
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Chart  No.  6. 

Curves  of  Temperature  and  Humidity  in  Mosquito  House  at 
Colonial  Hospital,   Freeiown. 
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Chart  No.   7. 

Curves  of  Temperature  and  Humidity  in  the  MostjuiTO 
House  Pit. 
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Observations  at  9  a.m.  each  day 
Temperature 


Humidity 


Minimum  Humidity  record  in  each  week—  •  - —  •  — 
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//  ell. — (Plate  No.  2  2).     This  was  covered,  but  owing  to  the  larger  air  space 
it  was  better  ventilated  and  less  humid  than  the  pit  in  the  mosciuito  house. 


PIdtC    No.    22. 

Well  in  Sanitary  Department  Compound,  showing  method   of  suspending  tubes 
containing  adults  under  a  tin  of  water  to  isolate  from  ants. 


Temperature  and  Humidity  Records  at  3   feet  above  Water  Level 

IN  the  Well  in  the  compound  of  the  Sanitary  Department, 

Water  Street,  Freetown. 


Observations  made  at  10  a.m. 
H* 


Date. 

Tempera- 
ture. 

Humidity. 

Date. 

Tempera- 
ture. 

Elumidity. 

2  1   December... 

82°  F. 

3 

March 

83°  F. 

•85 

23 

82°    „ 

•80 

5 

J) 

82=  „ 

•90 

26 

81°   „ 

•90 

9 

,,             — 

82^  „ 

•90 

13 

,,             ... 

83^  " 

•80 

16 

,,             ... 

85"  ,, 

•76 

18  January 

81°   „ 

•85 

19 

,,             ... 

82'  „ 

•90 

21 

82"^   „ 

•90 

25 

80^'   „ 

•90 

2 

April 

85^  „ 

■72 

28 

80^    „ 

•90 

6 

,,             ... 

84^  „ 

•80 

9 

,, 

84"  » 

•80 

i3 

,, 

85'  „ 

■76 

I    February   ... 

80^   „ 

•95 

16 

,,             ... 

83°  » 

•90 

4 

80=   „ 

•95 

20 

,,             ... 

84'  „ 

•80 

8         „ 

81^   „ 

•90 

23 

,, 

82;  „ 

•90 

26 

82°   „ 

•85 

27 
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83    11 

•85 
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The  following  tests  were  carried  out  in  the  above-mentioned  situations, 
and  the  results  were  as  follows  : — 


Yard  at  26,  Westmoreland  Street. 

Unfed. 

141    emerged    23rd  to    25th   January.     Period    of  experiment,   25th  to 
28th  January.     71   males,   70  females. 


85   lived   I   day   \ 

49      „      2  days  >  Average  i  '4  days. 

7      11      Z     ■>■>     ) 


141 


Fed  Ho7iey. 

91   emerged    i6th  to   i8th    December.     Period    of   experiment,    18th  to 
28th  December.     34  males,  57  females. 

4  lived     5  days(^,j  ^^  ^^^^^^  ^^„  ^^^^; 
4       >,        6     „      j 
41       „        8     „  ^Average  8-3  days. 

33      n        9     >> 
9      .,      10     » 

91 


-Fed  Thi)i  Syrup. 

About  100  emerged  27th  February  to   ist  March.     Period  of  experiment, 
I  St  to  15th  March. 

5  lived     I   day 
4      „        4  days 
3.6 

Average  9*3  days. 


5 

24 

6 

9 


8 
10 
12 


56  ii/if/iished. 


Ants  got  into  the  tube  and  carried  off  all  that  remained.  To  accomplish 
this  they  must  have  crossed  a  two-inch  water  surface  or  have  dropped  three 
inches  from  the  roof  of  the  pen  on  to  the  tube. 


lOs 


A  Second  Attempt. 
4th  to  28th  April. 


-114  emerged  2nd  to  4th  April.    Period  of  experiment, 


5 

lived 

I 

day 

2 

2 

days 

6 

3 

2 

4 

5 

6 

16 

7 

39 

8 

" 

15 

10 

I 

II 

13 

12 

4 

15 

4 

16 

2 

24 

^Average  8-6  days. 


114 


Fed  on  Blood* 


15  minutes'  opportunity  for  feeding  given  daily.  103  emerged  28th  to 
30th  December.  Period  of  experiment,  30th  December  to  7th  February. 
51  males,   52  females. 


s 

lived 

I 

day 

6 

3 

day 

4 

4 

,, 

6 

5 

M 

14 

6 

') 

II 

7 

■>•> 

7 

9 

)1 

I 

10 

5) 

6 

r  I 

)) 

4 

14 

)< 

16 

16 

,, 

8 

17 

)! 

2 

18 

)) 

I 

19 

M 

I 

22 

)) 

4 

23 

») 

2 

24 

,, 

I 

35 

)) 

I 

39 

)» 

Average  io'8  days. 
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*  In  tests  when  the  mosquitoes  are  fed  on  blood,  allowance  must  be  made  for  the  average 
being  reduced  by  the  early  death  of  the  males. 


104 

In  Cage  in  Room  at  26,  Westmoreland  Street. 

Fed  Ho  Ilex. 

42    emerged    25th    to    26th     November.     Period    of   experiment,    26th 
November  to  30th  December.     16  males,  26  females. 
16  lived     9  days  , 
4      »       10      „      I 

,,        Average  12'^  days. 


9 

)' 

13 

0 

1' 

15 

I 

,, 

21 

I 

?) 

22 

I 

>5 

24 

42 


Fed  Honev. 

75   emei-ged   22nd    to   24th   December.       Period  of  experiment,   24th  to 
30th  December.     9  males,  66  females. 
3  lived  3  days  1 

;^         ))      -+      5J     .  Average  4*6  days. 
8       „       6      „    j 

75 


Hospital  Compound.     (Slight  Shade.) 
Unfed. 

124  emerged   T9th  to   21st  January.      Period  of  experiment,  21st  to  24th 
Januarw     39  males,  85  females. 

9  lived   I   day   | 
103       ,,      2   days     Average   2   days. 
12       „      3       „    ) 

124 

Fed  Honey. 

173  emerged   18th  to   20th  December.      Period  of  experiment   20th  to 
26th  December.     99  males,  74  females. 
8  lived  2  days 


7  ,,  3  >, 

51  „  4  „      .-Average  5*2   days. 

S7  »  5  •>•: 

20  „  6  „ 
173 
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Fed  on  Blood. 

15  minutes'  opportutiitv  given  each  dav.  106  emerged  28th  to  30th 
December.  Period  of  experiment,  3otli  December  to  iSth  January.  56  males, 
50  females. 

8   li\-ed      3   days  I  ...  ,  1 

^_       ■'     /  23  01  these  were  males.  ' 


22 

4  » 

8   , 

)    5  )' 

n  ' 

.    6  „ 

5 

7  )' 

18  , 

,    8  „ 

20  , 

,   II  „ 

6   , 

,   13  ,> 

I   , 

,   16  „ 

I   , 

,   19  n 

Average  7*2  days. 


Feeding  was  omitted  on  i  ith  day 
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MosguiTO  House  Pit. 
Unfed. 

About   100  emerged    17th  to    19th  January.     Period  of  experiment,  19th 
to  31st  Januarw      Examination  for  sex  omitted. 

2   lived     4  days  ] 


Average  6*8  days. 


34 

5  -> 

21 

7  -.^ 

37 

8  „ 

3 

)   10   ,, 

3 

,   12   „ 

Fed  Honey. 

About   100  emerged   7th  to  9th    January.        Period    of    experiment,  9th 
Januar\-  to  6th   February.     Sexes  unrecognisable. 

2   lived     8  days  J 


J>  Average  i8"i  days. 


21 

>   15 

27 

,.   17 

9 

,.   18 

34 

,,   20 

3 

„  24 

2 

„   26 

2 

„  28 

100 

io6 


Mosquito  House — Suspended  2  inches  Clear  of  Soil. 

Fed    Honey. 

48  emerged  5th  to  6th  December.     Period  of  experiment,  6th  to  20th 
December.     22  males,   26  females. 

3  lived     7  days 
14 


10 
16 

2 
2 

I 


9 

ID 
I  I 
12 

14 


[^Average  9^2  days. 


Mosquito  House — On  Ground  and  Covered  with  Fallen  Leaves. 

Fed    Honey. 

TOO  emerged  i8-2oth  December.  Period  of  experiment,  20th  December 
to  20th  January.  Within  four  days  the  ants  had  killed  and  carried  away 
all  but  seven  or  eight.  These  were  gradually  killed  off.  Two  managed 
to  escape  until  the  9th  of  January. 

Longest  life,   20  days. 


Mosquito  House^Suspended  5  Feet  from  the  Ground. 

Fed  Honey. 

60  emerged   nth   to    12th   December.     Period   of  experiment,    12th    to 
22nd  December.     30  males,  30  females. 

3  lived  I  day  1 
27  „  2  days  I 
27       „       3     „  Average  2-7  days. 

1  „       4     „ 

2  „      10     „ 


60 
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Mosquito  House  Pit. 

Fed  on  Blood* 

At  weekly  intervals,   no  other  food.     About   loo  emerged,  17th  to  19th 
fanuary.     Period  of  experiment,   19th  January  to  8th   February. 

2   lived     4  days 


[-Average   7*9  days. 


23 

,, 

5 

16 

7 

38 

8 

14 

10 

2 

12 

I 

14 

I 

16 

I 

18 

2 

20 

Well  ix  Sanitary  Department  Compound  (about  20  to  25  teet 

to  water  level). 

Lined  masonry,  about  6  or  8  feet,  through  surface  soil,  unlined  through 
the  solid  laterite  rock,  diameter  5  to  6  feet.  I'ubes  let  down  to  within 
3  feet  of  water. 

Fed  Honey. 

About  ICO  emerged,  17th  to  iSth  December.  Period  of  experiment, 
i8th  to  26th  December. 

There  were  never  any  dead,  but  tell-tale  remnants  of  legs  and  wings 
showed  that  the  ants  were  at  work.  All  the  specimens  were  killed  and 
carried  off  within  eisiht  davs. 


Another  attempt  was  made,  an  antiformica  of  suitable  design  being  used. 
About    100    emerged    13th    to    14th    January.       Period    of  experiment, 
i4lh  January  to   iith   February. 

6  lived   10  days  \ 

8  „  13  „     I 

46  ,,  17  „     J- Average  at  least  17-8  days. 

II  „  20  ,, 

20  „  24  ,, 
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The  experiment  was   unfinished,  as   the   cord    rotted    through,    and    the 
antiformica  tube  and  contents  were  lost. 


*  Allowance  must  be  made  for  the  early  death  of  the  males  which  were  present  but  in 
undetermined  numbers. 


lo8 


Fed  Thin  Syrup. 

About    loo    emerged    24th    to    26th    February.      Period   of   experiment, 
26th  February  to   23rd   March. 


14  lived  7   days 

16       „  14      „ 

43       n  18      „ 

2       „  21 


Average   14 "3  days. 


94 


The    experiment    was    unfinished,  as  the  rope  rotted  through,   and    the 
antiformica  and  tubes  with  it  were  lost. 

A  later  attempt  was  made,  copper  wire  being  used  in  place  of  rope. 
About    100   emerged   31st  March  to   2nd  April.     Period  of  experiment, 
2nd  to  27th  April. 

5  lived     4  days 


)■  Average    1 1  "3  days. 


18 

)    7 

47 

)   1 1 

18 

.   14 

8 

,   16 

2 

,   21 

2 

'   25 

Given   One  Meal  of  Blood.,  tJien  Fed  on  Syrup. 

About   100   emerged    24th    to    26th    February.       Period    of  experiment, 
26th  February  to    19th   March. 

10  lived     7  days 

-Average  13 "4  days. 


39 

)) 

I  I 

3 

., 

14 

30 

M 

18 

2 

)) 

21 

84 


Experiment  was  unfinished,  as  the  rope  rotted  through. 

Another  attempt  was  made,  wire  replacing  the  rope. 

About    100   emerged   31st  March   to  2nd  April.      Period  of  experiment, 
2nd  to  23rd  April. 


Average   1 1  "8  davs. 


4 

hv 

ed  4  da 

18 

'    7   » 

38 

,   II   , 

25 

,   14   ) 

14 

,   18   , 

I 

J   21   , 

lOO 


Animal  House — Suspended  ae;out   2  feet  above  Floor 

Fed  Honey. 

51  emerged  9th  to  loth   December.     Period  of  experiment,  loth  to  iSth 

December. 

4  lived     3  days  ] 

8  4       ' 

"        ^      "     -Average  57  days. 

8      ,,        8      ,,     / 
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Experwieiil   N'o.    XXXIV. 

LENGTH    OF    LIFE    OF    ^L\LES   AND    FEMALES    WHEN    FED 
ON    BANANAS    ONLY. 

A  little  water  was  added  if  the  banana  was  not  juicy.      Kept  in  a  H.L.C.* 
cage  over  7vef  filter  paper.      Emerged  17th  to  19th  March. 


Date 

Number 

of 

Males. 

Females. 

of  days  after 

Remarks. 

death. 

emergence. 

20  March 

I  dead 

Nil 

I 

21        „ 

6     „ 

I    dead 

2 

22        ,, 

Nil 

I       ,, 

3 

23 

I   dead 

2      „ 

4 

26        „ 

I          ; 

2        ,, 

7 

28       „ 

Nil 

3     „ 

9 

29 

I  dead 

I 

10 

30 

3     )' 

Nil 

II 

31 

6     ,. 

2  dead 

12 

I   April 

4     v 

13 

2        ,, 

2     „ 

3  dead 

14 

4 

3            !I 

2        „ 

16 

6        „ 

I     ,. 

3     ,, 

iS 

7        „ 

Nil 

I 

19 

8 

I   dead 

Nil 

20 

9 

I      „ 

2  dead 

21 

10 

I      >j 

2      „ 

22 

II 

I      „ 

6      ., 

23 

13 

Nil 

2       „ 

25 

14 

„ 

2       „ 

26 

18 

,, 

I        ., 

30 

->  -> 

21 

). 

J3 

24 

., 

36 

26 

,, 

3S 

27        .. 

I        11 

39 

30       .. 

„ 

I        ,, 

42 

4   ^lay 

" 

I        ., 

46 

33 

42 

Average  life  :    males  10-9  days;    females  i9"6  days. 
Longest     „  ,,23  „  „       46 


'Cage  made  out  of  a  hurricane  lamp  chimney.     See  illustration,  page  175. 
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Esperivient  JS^o.  XXXVII. 

LENGTH    OF    LIFE   OF    MALES    AND    FEMALES    FED    ON 
SVRUP    ONLY. 


Kept  in  a   H.L.C.  cage  over  ivet 
February. 


tiker  paper.      Emerged   17th  to    iglh 


Date 

Number 

of 

Males. 

Females. 

of  days  after 

Remarks. 

death. 

emergence. 

20  February 

I 

dead 

Nil 

I 

28 

2 

J  J 

I  dead 

9 

I    March 

5 

,, 

2       ,, 

10 

Under  these  moist  conditions  tlic 

2        ,, 

I 

,j 

I       1, 

II 

insects  are   jirone    to   get    their 

3        .. 

I 

,, 

Nil 

12 

legs    smeared    with    syrup,  and 

4 

I 

,, 

)> 

13 

this  causes  a  certain  amount  of 

6       „ 

2 

,j 

,, 

15 

mortality. 

7       „ 

2 

,, 

,, 

16 

S 

I 

,, 

I   dead 

17 

II       » 

I 

4            M 

20 

12       „ 

3 

,, 

I       .. 

21 

14 

2 

,, 

Nil 

23 

15               M 

4 

,, 

3  dead 

24 

16              „ 

Nil 

15       „    * 

25 

*A  tiny  leak   in   the   syrup  pan  led 

17 

I 

dead 

7      ,, 

26 

to  a   high  concentration,  which 

18              „ 

Nil 

I      ») 

27 

may  have  been  partly  responsi- 

19              ., 

I 

dead 

3             >5 

28 

])le  for  this   sudden  increase  in 

20               ,, 

Nil 

2      ,, 

29 

the  death  rate. 

21           „ 

,, 

I      .. 

30 

23          ,, 

,, 

2      ,, 

32 

31          ,, 

, , 

I      ,, 

40 

5  April 

I      )j 

45 

7       ,, 

,, 

I      ), 

47 

9      » 

,, 

I      M 

49 

10      „ 

I 

dead 

Nil 

50 

21       „ 

Nil 

I   dead 

60 

29 

49 

Average  life  :  males,  17*6  days  ;  females,  26-3  days. 
Longest    „    :       „       50        „     ;         ,,        60 
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Experiment  No.  XXXVIII. 

LENGTH   OF  LIFE   OF  MALES  AND   FEMALES   FED  ON  SYRUP 
ONLY  (BOILED    WATER    AND    TATE    CUBE    SUGAR). 


Kept   ill  a   H.L.C.   cage   over  dry  filler  paper.      Emerged   loth  to    12th 
February. 


Date 

Number  of 

of 

Males. 

Females. 

days  after 

Remarks. 

death. 

I   dead 

emergence. 

I 

13   Fcbiuarv 

Nil 

18 

I  dead 

Nil 

6 

24 

I     ,, 

)) 

12 

6  March 

I     ,, 

,, 

22 

7 

I     >> 

,, 

23 

8         ,, 

I     ,, 

I    <lea.l 

24 

II         ,, 

4     ,, 

Nil 

27 

12         ,, 

Nil 

I   dead 

28 

13 

I   dead 

Nil 

29 

15 

Nil 

I   dead 

31 

16 

2  dead 

Nil 

32 

17 

I      ?> 

,, 

33 

iS 

Nil 

I   dead 

34 

19 

3  dead 

2 

35 

20 

I     >) 

3     ',\ 

36 

22         ,, 

I     ,, 

I     ,, 

3!^ 

2J            •> 

Nil 

-     )) 

39 

24 

)> 

2 

40 

25 

I  dead 

Nil 

41 

26            ,, 

I     ,, 

I  dead 

42 

27 

Nil 

I     )> 

43 

28 

,, 

I     ,, 

44 

^ 

31 

,, 

4     ,, 

47 

I   April 

;, 

2      ,, 

48 

2 

,, 

2       ,, 

49 

4       ,, 

,, 

2       ,, 

51 

7 

,, 

I       „ 

54 

9 

>) 

I       ., 

56 

II 

,, 

I       ,, 

58 

12 

,, 

I       ,, 

59 

14 

,, 

I       ,, 

61 

16 

,, 

I       ,, 

63 

21 

" 

I       »> 

68 

20 

35 

Average  life  :    male.s,  29  day,s  ;    females,  44* i  days. 
Longest    „    :        „       42     „     ;         „         68 
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Experiment    No.    XXXIX. 

RELATIVE  LENGTH  OF  LIFE  OF  MALES  AND   FEMALES 
FED  ON  HONEY  ONLY. 


Kept    in    a    H.L.C.    cage    over    tvef   filter    paper. 
25th    November. 


Emerged    24th    to 


Date 

Number 

of 

Males. 

Females. 

of  days  after 

Remarks. 

death. 

emergence. 

7  December 

I   dead 

Nil 

12 

14 

2          V 

19 

iS 

I     ,• 

2  dead 

23 

19 

Nil 

2     „ 

24 

20         ,, 

■>■> 

I      „ 

25 

21 

2      „ 

26 

22 

,, 

3     >i 

27 

24 

2  dead 

I     „ 

29 

25 

Nil 

I     )) 

30 

27 

,, 

2     ,, 

32 

28 

,, 

I        n 

?>}> 

29 

)) 

2       ,, 

34 

30 

„ 

I        I. 

35 

31 

„ 

I        J. 

36 

4    fanuarv 

,, 

I        n 

40 

6  "      ..    ' 

,, 

I        „ 

42 

12 

,, 

I            5) 

48 

15 

„ 

I     „ 

51 

17 

)) 

I     ,, 

53 

6 

24 

Average  life;  males   21 '8  days:  females  32'5  days. 
Longest     „   :      „       29         „    ;         „        53 
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Expcrimetit  N'o.  XL. 

RELATIVE  LENGTH  OF  LIFE  OF  MALES  AND  FEMALES 
FED  ON  HONEY  ONLY. 


Kept    in    a    H.L.C.    cage,    over    dry    IiUxt    paper.       Emerged    3rd    to 
5th    January. 


Dale 

Number 

of 

Males. 

Female>. 

of  days  after 

Remarks. 

Death. 

Nil 

emergence. 

6  January 

I  dead 

I 

7       " 

2     „ 

,, 

2 

s      „ 

Nil 

I  dead 

3 

9       .. 

10  dead 

9     .. 

4 

10       ,. 

I      „ 

4     » 

5 

16       „ 

I     „ 

Nil 

II 

18       „ 

I     V 

I  dead 

13 

19       ., 

Nil 

I           >! 

14 

20      „ 

4  dead 

3     ,. 

15 

21   .    ). 

2     ,, 

I       n 

16 

22       „ 

2     ., 

I       v 

17 

23       » 

5     .. 

6     „ 

18 

24      „ 

Nil 

3     )' 

19 

29      » 

" 

I     „ 

24 

29 

31 

Average  life:  males   10  days:  females   ii'4  days. 
Longest     „    ;       „       iS      „     ;  „        24  „ 
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Experiment  No.  XLI. 

EGG  PRODUCTION  AFTER  A  SINGLE  MEAL  OF  BLOOD,  AND 
EVIDENCE  OF  THE  EGG  RETAINING  HABIT,  AND 
ALSO  SHOWS  COMPARATIVE  LENCITH  OF  LIFE  OF 
MALES    AND    FEMALES. 

A  number  of  males  and  females  which  emerged  on  the  ist  to  3rd 
December  were  allowed  free  intercourse  in  a  large  cage.  The  females  were 
given  an  opportunity  of  feeding  on  human  blood  ;  those  that  filled  them- 
selves to  repletion  were  selected  for  the  experiment.  Twelve  males  and  23 
females  were  transferred  to  a  H.T.C.  cage  with  tvet  filter  paper  at  base,  and 
supplied  liberally  with  honey. 


Date  of 

Number 

deposition  of 
eggs  or  death. 

Number  of 
eggs  laid. 

Fertility. 

Death  of 
males. 

Death  of 
females. 

of  days 
after  meal 

Remarks. 

of  blood. 

4  December 

61 

+ 

2 

j  The  number  of  eggs  laid  pre- 
1  supposes  that  only  two  or  at  the 

5 

51 

+ 

3 

6 

5 

+ 

4 

;  most  three  females  were  laying. 

7 

148 

+ 

5 

8 

4 

+ 

6 

9 

II 

+ 

7 

10 

I   dead 

8 

12         ,, 

5 

+ 

2  dead 

10 

13 

4 

+ 

I      ,, 

II 

14 

X 

+ 

I     ., 

12 

15 

13 

+ 

I  dead 

13 

17 

4     ,, 

IS 

20        ,, 

I     ,, 

18 

21         ,, 

41 

+ 

I     >. 

19 

22         ,, 

I 

+ 

I   dead 

20 

25 

4 

4- 

23 

26 

31 

+ 

I  escaped 

2  dead 

24 

27 

II 

+ 

3     ,, 

25 

28 

I 

+ 

2  dead 

26 

29 

I 

+ 

I   dead 

27 

30 

32 

+ 

28 

31 

4 

+ 

29 

I  junuary 

19 

+ 

I   dead 

30 

2'       ,, 

... 

'        ;, 

31 

5 

170 

+ 

34 

6 

13 

+ 

I  dead 

35 

7 

I     ,, 

36 

8         ,, 

I  dead 

37 

9 

2  dead 

38 

II          ,, 

105 

+ 

I     ,, 

40 

16         ,, 

3 

- 

45 

20         ,, 

1   dead 

49 

25    ^     „ 

3     ., 

54 

13  February 

... 

73 

*  The  ovaries  of  this  female  on  dissection  prove  1  to  be  fully  developed  and  the  eggs  ripe  for 
laying,  many  of  them  being  already  brown.  It  is  significant  that  this  should  be  the 
case  70  days  afler  the  only  meal  of  blood  she  received. 

Average  life  :   12  males  iS'S  days  ;  23  females  32-3  days. 

Longest     „   :    „        „       37         „     :    „  „       73  „  • 
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Expcrittieuf  No.  XLTI. 

EVIDENCE  OF  EGG  RETAINING  HABIT  AND  EENGTH  OF 
LIFE  AFTER  A  SINGLE  MEAL  OF  BLOOD  (SUBSEQUENT 
FOOD    HONEY). 

Females  which  emerged  on  tlie  5th,  6th,  7th,  Stli  and  9th  December  were 
kept  for  24  hours  in  a  cage  with  a  numlier  of  males,  they  were  then  allowed 
one  full  meal  of  blood  (Nos.  i,  2,  3,  4  and  5  on  the  7th  December,  Nos.  6,  7 
and  8  on  the  9th  December,  Nos.  9,  10  and  11  on  the  loth  December).  Each 
female  was  then  placed  in  a  separate  jar  with  wet  lilter  paper  at  the  bottom 
and  fed  on  honey. 


Date  of 
deposition  of 

Identifica- 
tion 

Number  of 
eggs  laid. 

Fertility. 

Death. 

Number 

of  days 

after  meal 

Remarks. 

eggs  or  death. 

number. 

of  blood. 

,  8   Decemher 

^ 

died 

I 

10         ,, 

4 

69 

+ 

3 

,, 

5 

46 

+ 

3 

11         >> 

4 

I 

4 

No  record  of  hatching. 

,, 

5 

I 

4 

))        ))       ))           )> 

,, 

6 

71 

i 

2 

5) 

8 

13 

+ 

2 

12            ,, 

5 
6 

1 
I 

5 

5 

No  record  of  hatching. 

)!                   55                 I)                           ') 

,, 

8 

52 

+ 

3 

,, 

9 

I 

3 

No  record  of  hatching. 

,, 

10 

60 

+ 

2 

,, 

II 

3« 

+ 

2 

13 

4 
6 

4 

I 

+ 

6 

4 

No  record  of  hatching. 

15            ,! 

II 

2 

5 

55       »        55          55 

16 

3 

escaped 

9 

Laid  no  eggs. 

17 

6 
9 

I 
I 

+ 

8 

7 

II 

2 

+ 

7 

18            '^ 

7 

died 

9 

Laid  no  eggs. 

10           „ 

4 

2 

^- 

12 

20           ,, 

5 

died 

13 

)> 

9 

2 

+ 

10 

5) 

II 

2 

+ 

10 

26 

6 

died 

17 

31 

10 

,, 

21 

I  January 

11 

,, 

22 

2          ,, 

9 

I 

+ 

23 

6 

8 

I 

_ 

28 

Egg  infertile. 

,, 

9 

2 

+ 

28* 

*These  eggs  resisted  immer- 

10        ,, 

8 

died 

32 

sion.     After  three  months'  dry 

13 

I 

... 

) ) 

37 

storage  one  of  them  retained  its 

24 

9 

I 

infertile 

46 

shape  but  did  not  hatch  in  spite 

26        „ 

4 

died 

50 

of  along  period  in  water.  On  the 

I  February 

9 

" 

53 

26th   April  it   was  opened  and 
found  to  contain  a  living  larva. 

Average  life  :    25-6  days  ;    longest  life  :    53  days. 
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ExfeTiment  No.  XLIII. 

TEST  TO  ASCERTAIN  IF  WELL-FED  FEMALES  WOULD 
OVIPOSIT  APART  FROM  WET  SURFACES,  AND  THEIR 
LENGTH  OF  LIFE  WHEN  EGGS  HAVE  TO  BE  RETAINED 
OWINC;    TO    DROUGHT. 


Females  that  emerged  between  the  20th  and  29th  December  were  allowed 
free  intercourse  with  a  number  of  males  in  a  large  cage. 

Those  which  fed  readily  on  a  human  arm  were  selected  and  placed  in  a 
H.T.C.  cage  based  on  dry  filter  paper,  the  top  covered  with  fine  gauze ;  no 
additional  cover  being  used  to  prevent  evaporation. 

A  supply  of  honey  was  kept  in  the  cage,  and  a  ten  minutes'  opportunity  of 
taking  human  blood  was  afforded  each  night. 


Date  of 
deposition  of 
eggs  or  death. 

Number 

of 
eggs  laid. 

Fertility. 

Death. 

Number  of 
days  after 
first  meal 
of  blood. 

Remarks. 

31  Decemlier 

I 

infertile 

I 

2 

2    [anuary 

I 

4 

7  "      » 

I 

9 

« 

3 

10 

9 

3 

II 

22        „ 

I 

24 

23 

6 

25 

24 

I 

26 

25 

I 

27 

29 

I 

31 

30 

I 

32 

31     ,    „ 

I 

33 

I   February 

2 

34 

2         „ 

I 

35 

3        »' 

2 

36 

4 

I 

11 

5 

2 

3<^ 

7 

3 

40 

« 

2 

41 

II                    51 

I 

44* 

'  "*This  female  when  dying  was  placed 
^         in  a  small  tul^e  with  a  piece  of  wet 

5   March 

I 

66 

12         „ 

I 

73 

filter    paper.       She    immediately 

13            5. 

2 

74 

i  commenced  to  oviposit  and  laid  a 
\        small  batch  of  infertile  eggs. 

39 

Average  life,  3i"3  days;    longest  life,  74  days. 

Only  one  infertile  egg  was  laid  on  dry  paper,  although  a  dying  female  laid 
at  once  when  provided  with  a  wet  surface. 

Conclusion  :    Watei-  or  ivet  surfaces  are  essential  to  egg  laying. 
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Experiments  Nos.  XLI.  and  XLII.  It  will  be  noted  that  female 
No.  I  lived  '^y  da}'s  but  died  without  ovipositing,  while  Nos.  3  and  7 
also  failed  to  lay  any  eggs.  Unfortunately,  time  did  not  permit  of  the 
dissection  of  Xos,  i  and  7  to  ascertain  if  their  ovaries  were  ripe,  or 
if  the}-  were  awaiting  further  meals  of  blood  before  developing  them. 
It  seems  more  probable,  however,  that  the  eggs  were  being  retained. 

The  oviposition  of  females  Nos.  4,  5,  6,  8,  10,  and  1 1  was  not  very 
unusual,  but  that  of  No.  9  was  distincth'  abnormal,  in  that  she 
dribbled  out  pairs  or  single  eggs  at  long  intervals.  Those  laid  23 
and  28  days  after  the  initial  meal  of  blood  proved  to  be  fertile.  Time 
did  not  permit  of  her  dissection. 

If  the  two  experiments  are  considered  together  there  seems  to  be 
a  strong  case  made  out  for  the  instinctive  retention  of  eggs  b}-  a 
proportion  of  the  females,  and  this  is  probablx-  the  explanation  whj' 
certain  females  in  earlier  experiments  failed  to  lay,  although  they 
were  afforded  opportunities  of  sucking  human  blood  every  night. 

TWO  EXPERIMENTS  TO  ILLUSTRATE  EGG  PRO- 
DUCTION AND  LAYING,  APART  FROM  FEEDING 
ON    A    LIVING   ANIMAL. 

Attempts  were  made  to  induce  Q-g^g  production  b)-  feeding  on 
mixtures  of  honey  and  white  of  egg,  honey  and  dried  blood,  honey 
and  fresh  blood,  syrup  and  fresh  blood. 

Honey  and  white  of  egg  kept  well  in  a  stoppered  jar  for  three 
weeks,  but  fermented  within  a  day  or  two  when  placed  in  the  cage 
for  the  females  to  feed  on.  Honey  and  dried  blood  did  not  keep  well, 
possibl}'  owing  to  water  being  used  to  mix  the  blood  into  a  paste 
before  adding  it  to  the  honey. 

Honey  and  fresh  blood  and  syrup  and  fresh  blood  kept  for  months 
when  placed  in  a  desiccator  to  cause  a  high  concentration  of  sugar. 

The  first  attempts  with  honey  and  white  of  ^^^^  honey  and  dried 
blood,  and  honey  and  fresh  blood  were  all  negative.  Some  50  to  100 
females  were  used  in  each  case,  equal  or  larger  numbers  of  males 
being  kept  with  them.  Pairing  took  place  freely  but  the  ovaries 
never  developed,  although  the  average  life  was  considerable.  The 
sole  surviving  female  in  one  of  the  experiments,  after  living  for  56 
days,  was  given  the  opportunity  of  sucking  human  blood.  She  fed 
sparingly  on  three  successive  nights,  then  missed  a  night,  and  laid  21 
fertile  eggs  on  the  following  night.  After  depositing  the  eggs  she  bit 
but  did  not  obtain  blood,  and  died  the  next  day.  Two  attempts. 
Experiments  Nos.  XXIV.  and  XXV.,  were  then  made,  in  one,  honey 
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and  fresh  blood  from  a  sheep  was  agani  used,  in  the  other,  syrup  and 
fresh  blood  from  a  sheep.  x'\s  will  be  seen  from  the  following  records 
both  met  with  sufficient  success  to  be  of  interest  theoretically,  but  so 
modified  as  to  afford  little  hope  of  the  method  proving  of  any 
practical  assistance  in  future  research. 

Experiment  No.  XLIV. 

A  number  of  males  and  females,  which  emerged  on  the  13th  and  14th 
January^  were  placed  in  a  hurricane  lamp  chimney  cage  on  wet  filter  paper, 
and  given  an  ample  supply  of  honey  mixed  with  blood  from  a  sheep.  This  was 
changed  on  the  first  signs  of  fermentation. 


Date   of 

deposition 

of  eggs 
or  deaths. 

Number 

of 
eggs  laid. 

Fertility. 

Death 

of 
males. 

Death 

of 

females. 

Number 

of 

days  after 

start. 

Remarks. 

17  January 

18  ,, 

19  „ 

- 

::: 

4  dead 

3      >, 

Nil 

2  dead 

Nil 
I  dead 

1 

3 
4 
S 

20       ,, 

13  dead 

I      „ 

6 

22       ,, 

1  2    .,,    ! 

Nil 

8 

23       „ 

i  I    „    i 

„ 

9 

24       „ 

2      „ 

>> 

10 

25       „ 

2      „ 

„ 

1 1 

27  „ 

28  ,, 

30  „ 

31  ,. 

I   February 

4      » 
I      „ 

4       „ 
3       ;> 
7       „ 

5  dead 
Nil 

13 
•4 
16 

17 

18 

2          „ 
3 

6*    ,, 

4*dead 

19 

20 

*Most  of  these  died  from  mechani- 

4 

Nil 

2      „ 

21 

cal    causes,   their  legs  getting 

5 

I  dead 

2      „ 

22 

fixed    in    the   sticky   mixture 

6 

I      5. 

3      „ 

23 

owing  to  rapid  drying. 

7 
8 

9 

I      „ 
Nil 

3      „ 

1      )) 

24 
25 
26 

10         ,, 

,, 

2           5) 

27 

II          ., 

„ 

2        )) 

28 

12         „ 

13 
16 

17 
19 

1                !) 

I  dead 
1       Nil 
I   dead 
Nil 

1  5> 

2  )) 

29 

30 
33 
34 
36 

24 

,, 

I        » 

41 

25 

)) 

I        j» 

i       42 

27 

i        ...                ,, 

!  2     „ 

1       44 

28 
I   March 

,, 

*  I      ,, 

45 
1       46 

2         „ 

7       „ 

I 

Iiifertilf           'I 

Nil 
1   dead 

47 
52 

12      „ 
12  April 

::: 

;> 

I       » 

57 
88 

49 

1 

44 

Result. — I  infertile  egg. 

Average  life  :  males,  i4"6  days;  females,  27"8  days. 

Longest    „    :       „        34        „     ;         „        88 
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Expcrhnent  No.  XLV. 


A  number  of  males  and  females  which  emerged  on  the  ist  and  2nd  March 
were  placed  in  a  H.I..C.  cage  over  ivet  filter  paper  and  given  an  ample  supply 
of  syrup  mixed  with  l)lood  from  a  sheep.  The  supply  was  changed  on  the 
first  sign  of  fermentation. 


Date  of 
deposition  of 
eggs  or  death. 

Number  of 
eggs  laid. 

Fertility. 

Death 
of  males. 

Death  of 
females. 

No.  of 

days  from 

start. 

Remarks. 

4  March 

I 

+ 

2  dead 

2 

The  egg  hatched  on  7  th 

March. 

5       .. 

I   dead 

Nil 

3 

6       „ 

6     , 

„ 

4 

7      » 

I           !) 

,, 

5 

5^      „ 

2       „ 

„ 

6 

9       ,, 

3       ;> 

„ 

7 

II          n 

2 

2  dead 

9 

12          „ 

Nil 

2 

10 

14         „ 

I    dead 

I      ,1 

12 

15           n 

2       „ 

Nil 

13 

16          „ 

I       ,, 

I   dead 

14 

17          n 

I        ., 

3          5? 

15 

20         „ 

... 

Nil 

I     „ 

j8 

22          ., 

2  dead 

3     )i 

20 

23          » 

I      >j 

I      •> 

21 

24          „ 

I      ., 

Nil 

22 

.  1  ■■■ 

25          ,. 

Nil 

2  dead 

23 

26         „ 

I    dead 

2     ,, 

24 

27          „ 

I 

4     V 

25 

"■'      ■'  I 

2<S         „ 

I      ,, 

I     „ 

26 

29         „ 

I      » 

3     » 

27 

.\    '    '•■ 

' 

30         „ 

I      >j 

2     „ 

28 

I   April 

2      „ 

5     ,. 

30 

'    ■            .     i( 

2       „ 

3     ,, 

I     ,, 

31 

.- 

3       „ 

I     1, 

I     ,, 

32 

5      » 

Nil 

I     „       . 

34    ' 

6      „ 

,, 

2    „ 

35 

^       „ 

,, 

I     „ 

37 

' 

19       „ 

•>i 

2    „ 

48 

27       „ 

I     „ 

56 

t       ,  . 

30      „ 

,, 

3     „ 

59 

I    May 

J, 

I     „ 

60 

3       „ 

., 

2     „ 

62 

■     .     ". ' 

4       „ 

,, 

I     „ 

63 

,   . 

5       ,. 

,, 

2     „ 

64 

13       „ 

,, 

I     ., 

72 

27       ., 

" 

I 

86 

35. 

55 

Result :    i  fertile  t\vi^ 

Average  life:    males,   i5'6  days;    females,  32*5  days. 

Longest     ,,  ,,        xi         „  „         86 
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Experiments  Nos.  XL  VI.  and  XL  VIL 

FERTILITY  OF  MALES  AND  THE  SURVIVAL  OF 
SPERMATOZOA  IN  THE  SPERMATHECE  OF  THE 
FEMALE    {STEGOMYIA    FASCIATA). 

In  these  experiments,  Nos.  XLVI.  and  XLVIL,  the  main  object 
was  to  determine  how  many  females  a  single  male  is  able  to  im- 
pregnate and  the  scope  of  the  ability  to  fertilize  eggs  which  is 
imparted. 

The  longest  time  between  pairing  and  the  laying  of  fertile  eggs 
which  was  observed  during  the  progress  of  the  research  was  62 
days — on  the  part  of  the  female  used  in  Experiment  No.  VII. 
This  period  was  but  a  portion  of  her  active  productive  life  ;  while 
it  lasted  she  laid  711  eggs  in  15  batches.  Subsecjuently  she  lived 
a  further  29  days  and  laid  6  batches,  containing  89  infertile  eggs. 
In  another  experiment  (No.  XLI.)  fertile  eggs  were  laid  40  days 
after  imj^regnation,  which  had  been  effected  prior  to  the  only  meal 
of  blood  the  insects  received. 

Neither  of  these  cases  can  compare  with  Goeldi's  classic  example 
of  the  retention  of  spermatozoa  for  102  days  ;  nor  are  they,  strictly 
speaking,  comparable,  because  Goeldi's  specimen  only  received  the 
meal  of  blood  necessary  for  the  development  of  her  eggs  towards 
the  close  of  her  segregation. 

Three  experiments  were  attempted  ;  the  first  was  a  complete 
failure  owing  to  the  escape  of  the  male  after  pairing  with  two 
females.  The  second  trial  came  to  an  untimely  end  with  the  death 
of  the  male  after  7  days,  during  which  period  he  fertilized  4  out 
of  5   females  placed  with  him  on  successive  days. 

The  third  attempt  promised  better  success,  as  the  male  lived 
21  days  and  fertilized,  more  or  less  effectually,  10  of  the  21  females 
that  were  placed  with  him.  The  females,  however,  proved  to  be 
very  poor  Qgg  producers  and  of  low  vitality  generally.  This  may 
have  been  due  to  underfeeding  in  the  larval  stage,  as  they  were 
drawn  from  a  very  large  brood  at  a  period  of  the  research  when 
the  amount  of  food  required  by  the  larvae  had  not  received  proper 
attention.  On  the  other  hand,  the  small  egg-laying  capacity  may 
have  been  a  matter  of  heredity.     It  was  certainly  not  due  to  want 
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of  food  in  the  adult  stage,  as  the}-  all  had  nighth'  o[)portunities, 
and,  for  the  most  part,  fed  as  regular!}-  as  females  which  laid  much 
larger  batches  of  eggs. 

Another  factor  which  acted  to  the  detriment  of  the  experiment 
was  attacks  by  ants.  It  was  onl}-  towards  the  close  of  the  series  that 
it  was  discovered  that  inequalities  in  the  rims  of  some  of  the  jars 
used  allowed  the  small  \-ellow  house  ants,  Motiomorium  pliaraoiiis  /,., 
to  gain  entrance.  The  disappearance  of  females  and  possibly  a  con- 
siderable percentage  of  the  mortality  is  to  be  ascribed  to  this  cause. 
If,  however,  the  second  and  third  attempts  (Experiments  Nos. 
XLVI.  and  XLVII.)  are  considered  in  conjunction,  a  fair  idea  of 
the  scope  of  the  males'  ability  in  the  matter  of  impregnation  will 
be  obtained. 

Some  allowance  must  be  made  for  mortalit}-  among  the  fertilized 
eggs,  which  did  not  perhai:)s  receive  the  most  favourable  treatment, 
but  this  source  of  error  was  minimised  as  far  as  possible  by  dis- 
secting those  eggs  which  failed  to  hatch  on  re-immersion  after  three 
months"  dry  storage,  the  number  of  those  which  contained  developed 
larv;e  being  added  to  those  which  had  already  hatched.  In  several 
instances  living  larvae  were  extracted  from  the  eggs,  but  in  most 
cases  they  were  dead.  In  doubtful  cases  where  full  development 
of  the  larv;e  was  not  demonstrated  by  the  presence  of  the  egg 
breaker  on  its  head,  the  eggs  were  passed  as  infertile. 

An  appended  table  gives  the  record  of  the  eggs  laid  by  female 
No.   III.  in   Experiment  Xo.   XL\T.  in   full  detail. 
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Experiment  No.  XLVIII. 
ENEMIES  IN  THE  ADULT  STAGE. 


The  most  serious  dangers  to  which  adults  of  Sfegomyia  fasciata  are 
exposed  are  probably  those  which  arise  from  climatic  causes.  The  daily 
rise  of  temperature,  even  in  fine  weather,  is  by  no  means  excessive  in  Free- 
town, but  it  is  sufificient  to  impart  a  considerable  drying  capacity  to  the 
air.  During  the  dry  season  the  dangers  of  desiccation  are  increased, 
while  the  incidence  of  the  harmattan  periods  with  strong,  dry  N.E.  winds 
causes  an  enormous  mortality  among  captive  mosquitoes.  Wild  specimens, 
however,  by  seeking  refuge  either  in  crannies  and  crevices,  or  among 
moist  vegetation  out  of  doors  or  in  dark  recesses  and  corners  within 
buildings,  near  floor  level,  away  from  any  draught,  can  make  local  adjust- 
ment in  their  resting  situations  to  minimize  the  danger.  It  is  relative  to 
this  habit  of  seeking  cover  that  the  attacks  of  predaceous  foes  are  most 
likely  to  occur,  and,  as  a  consequence,  wingless  enemies,  such  as  toads, 
lizards,  spiders,  ants,  scorpions  and,  possibly,  also  young  mantids,  probably 
take  a  heavier  toll  than  do  birds  or  flying  insects,  such  as  dragon  flies ; 
although  the  last  named  will  almost  certainly  account  for  a  certain  number 
at  the  period  when  the  mosquitoes  leave  the  water  and  first  take  wing. 

The  habit  which  is  so  noticeable  in  resting  Stegomyia  of  raising  the  third 
pair  of  legs  and  keeping  them  in  constant  motion,  is  probably  a  safeguard 
against  attacks  by  wingless  enemies,  more  especially  ants.  The  elevation 
and  movement  of  these  legs  will  prevent  their  being  easily  seized  hold  of  and 
they  are  available  for  an  immediate  kick-off",  kangaroo  fashion,  at  the  slightest 
touch.  When  S.  fasciata  are  deprived  of  their  wings  it  at  once  becomes 
evident  how  considerable  their  leaping  powers  are.  Two  species  of  ants, 
Monomorium  pharaonis  L.  and  Solenopsis  geminata  F.,  proved  themselves 
to  be  most  inveterate  enemies  to  captive  mosquitoes  during  the  progress  of 
the  research,  and,  as  they  appeared  omnipresent  in  Freetown,  mosquitoes 
are  probably  only  safe  from  their  attacks  when  actually  flying. 

In  the  mosquito  house  a  small  species  of  web-spinning  spider,  Uloborits 
feiiiculatiis,  and  a  larger  species,  belonging  to  the  genus  Ara/ieits,  which  did 
not  spin  a  regular  web,  took  a  heavy  toll  of  the  S.  fasciata  which  were 
breeding  in  it.  These  spiders  found  entrance,  when  very  small,  through  the 
i6x  i6  wire  gauze  and  colonized  it,  breeding  inside,  using  the  corners  and 
angles  and  covering  the  surface  of  the  sides  with  their  webs.  The  mostjuitoes 
certainly  formed  their  staple  food,  and,  so  far  as  observation  of  the  captives 
in  their  webs  went,  were  their  sole  source  of  supply. 

^Vnother  uninvited  guest  in  the  moscjuito  house  was  a  small  species  of 
scorpion,  Isometnis  maci/tatus,  much  flattened  and  with  very  slender  claws. 
This  must  have  found  entrance  through  the  crevice  of  a  close-fitting,  bevelled 
door  when  young,  and  possibly  bred  inside  the  house.  From  the  slender, 
delicate  structure  of  its  pincers  it  is  probable  that  it  feeds  on  small  insects  only. 
A  specimen  kept  in  a  2-inch  entomological  glass-bottomed  box  was  fed 
entirely  on  active  adults  of  S.  fasciata.  It  would  capture  and  eat  the  entire 
number  put  into  the  box  each  night;  sometimes  disposing  of  50  or  100  in  a 
single  night  and,  apart  from  its  moulting  periods,  seems  to  have  an  insatiable 
appetite. 


126 

Small  mantids  in  their  first  or  second  instars  found  their  way  into  the 
mosquito  house  and  were  also  found  to  capture  and  greedily  devour  specimens 
of  S.  fasciata  when  confined  with  them  in  a  small  box. 

Two  species  of  wall-hunting  lizards  were  also  tried ;  both  were  very 
young,  considerably  less  than  half  grown.  One,  a  species  of  Lacertido',  pro- 
bably fr///V«?/rt,  cleared  a  large  cage  of  S.fasdaia  with  great  despatch,  but  the 
other,  a  baby  specimen  of  a  gecko,  probably  Heynidactyliis  brookii,  or  one  of 
its  relations,  only  ate  occasional  specimens  when  they  were  placed  in  a  small 
box  with  it,  and  made  no  appreciable  difference  to  the  numbers  of  mosquitoes 
in  a  large  cage. 
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IV.     PARASITES. 


The  larva.^  and  pupa;  of  Stegonvyia  fasciata  reared  in  the  mosquito 
house  were  found  to  be  heavily  infected  with  a  species  of  gregarine, 
which  has  subsequently  been  identified  by  Dr.  C.  M.  Wenyon  as 
Lancastriam  adieus  Wen}-on.  This  gregarine  was  found  by  Mr. 
A.  C.  Stevenson  and  Dr.  C.  M.  Wenyon  in  specimens  of  5.  fasciata 
reared  from  eggs  laid  upon  leaves  which  were  forwarded  from 
Freetown  for  exhibition  at  one  of  the  meetings  of  the  Yellow  Fever 
Commission. 

The  life  cycle  of  this  species  has  been  thoroughly  worked  out  by 
Wenyon  (1911)  in  specimens  oi  S. fasciata  captured  and  bred  at  Bagdad, 
a  fully  illustrated  account  being  published  in  "  Parasitology,"  Vol. 
JV.  191 1.  From  Stevenson  and  Wenyon's  account  of  the  gregarines 
in  the  specimens  reared  from  the  Freetown  eggs  and  the  experiments 
carried  out  by  myself  at  Freetown,  it  is  evident  that  the  sporoc}-sts 
are  able  to  resist  desiccation,  and,  like  the  eggs  of  the  mosquitoes 
they  infect,  lie  over  the  dry  .season  in  the  dried-up  water  holes, 
awaiting  ingestion  by  the  larvae  which  hatch  out  at  the  commence- 
ment of  the  rains.  This  habit  of  the  parasite  supports  the  view  that 
Stego))iyia  fasciata  relies  chiefly,  if  not  solely,  upon  the  &^^  stage 
for  the  survival  of  the  species  during  the  dry  period,  as  there  would 
be  no  need  for  the  sporocysts  to  have  developed  the  ability  to  resist 
desiccation  if  the  adult  host  survived  the  dr}^  season  in  any  numbers. 

A  trial  carried  out  in  order  to  test  if  infestation  by  the  parasites 
had  any  checking  influence  on  the  development  of  the  mosquito,  or 
caused  any  mortality  during  larval  life,  showed  no  evidence  of  an}- 
ill  effect  on  the  development  of  the  insect,  nor  was  there  any  notice- 
able mortal  it}'  in  the  larval  stage.  If  any  deaths  at  all  occurred  among 
the  infected   larva;  it  was  confined  to  the  first  or  second  instars. 

The  onl}'  other  organisms  detected  in  5.  fasciata  during  the 
research  were  bacteria,  which  were  present  in  small  numbers  in 
the  larval  gut  and  more  plentiful  in  the  stomachs  of  the  adults, 
and  some  small  oval  bodies  of  from  2/i,  to  4/x  in  diameter,  which 
were  present  in  the  stomachs  of  the  adults.  These  were  first 
noticed  in  smears  of  the  dissected  gut  stained  with  Giemsa,  and 
were  suspected  of  belonging  to  the  microsporidia,  but  sections  failed 
to  reveal  any  intracellular  phases  of  the  life  cycle,  nor  could  any 
undoubted  evidence  be  obtained  of  their  occurrence  other  than  in 
the  lumen  of  the  gut.  JMy  colleague.  Dr.  H.  M.  Woodcock,  of 
the  Lister  Institute,  pronounced  them  to  be  yeasts. 
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v.— STERILITY   OF   THE   PUPAL   GUT   OF   THE 

STEGOMYIA    FASCIATA. 

In  addition  to  the  microscopic  examination  of  the  larval  and 
pupal  ^"ut  described  on  page  127,  bacteriological  tests  were 
commenced  in  collaboration  with  Dr.  G.  G.  Butler.  Unfortunately, 
the  trials  had  to  be  discontinued  at  an  early  stage  of  the  investigation, 
owing  to  the  calls  of  other  duties  on  Dr.  Butler's  time. 

.\  living  pupa  was  allowed  to  swim  for  a  few  minutes  in  each 
of  six  tubes  of  sterilized  distilled  water —its  transference  from  tube 
to  tube  being  made  with  a  sterilized  platinum  loop.     The  following 

tests  were  made  in  tubes  of  broth  : — 

Result. 
{(r)   An  inoculation  of  water  from  the  sixth  tube        ...     Sterile. 
{b)   The  living  pupa  was  allowed  to  swim  in  a  tube  of 

broth  for  five  minutes      ...  ...  ...         ...     Sterile. 

(r)  The  pupal  gut  with  the  malpighian  tubes  attached, 
was  dissected  out  ,of  the  pupa  and  placed  in  a 
tube  of  broth  ...  ...  ...  ...  ...      Sterile. 

{(f)   The  pupal  envelope  was  placed  in  a  tube  of  broth     Sterile. 

Living    pupx    were    placed    in  a    i    per  cent,  lysol    solution    and 

allowed  to  swim  about ;  they  were  all   killed  or  rendered  incapable 

of   movement    within    fifteen    minutes,    but    some  became   quiescent 

much  sooner  than  others  : — 

Result. 

(^')  A  pupa  was  placed  in  1  per  cent,  lysol  for  two 
minutes,  its  stomach  was  then  dis.sected  out  and 
]jlaced  in  a  tube  of  broth...  ...  ...  ...      Sterile. 

[b]  The  malpighian  tubes  of  the  same  pupa  were  placed 

in  another  tube  of  broth  ...  ...  ...  ...      Sterile. 

{c)  \  pupa  was  placed  in  i  per  cent,  lysol  for  five 
minutes,  when  it  appeared  to  be  dead  ;  it  was  then 
transferred  to  a  tube  of  broth  for  fifteen  minutes 
and  then  remo\ed  ...  ...  ...  ...     Sterile. 

{d)  A  pupa  that  had  been  in  i  per  cent,  lysol  for  two 
minutes  was  dissected  and  the  gut,  with  its 
appendages,  placed  in  broth       ...  ...  ...     Sterile. 
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Living  pupa.'    were  placed  in    i    per  cent,   lysol   for  two  minutes 

and   then  washed  in  sterile  water  : — 

Result. 

(a)  The  gut  was  dissected  out  of  the  imago, 
which  was  ready  to  emerge  from  one 
of  these  pup?e,  and  placed  in  a  tube  GnrwtJi  of 

of  broth  ...  ...  ...  ...      iDiidtnitificd  bacilli. 

ili)  The  gut  was  dissected  out  of  a  pupa,  in 
which  the  imaginal  development  was 
not  so  advanced,  and  placed  in  a  tube 
of  broth  . , ,  ...  ...  ...  Sterile. 

(c)  An  entire   undissected   pupa   was  placed  GroivtJi  of 

in  a  tube  of  broth       ...  ...  ...     imideiitified  bacilli. 

The  gut  was  dissected,  with  the  usual  pre- 
caution of  sterilized  needles,  slides 
and  salt  solution,  from  an  unsterilized 
pupa,  and  placed  in  a  tube  of  broth  Sterile. 

It  seems  more  probable  that  the  pupal  gut  is  sterile,  and  that 
the  cases  of  infection  were  due  to  some  mischance  in  the  technique 
than  that  the  infecting  organism  had  persisted  in  the  gut  from  the 
larval  period.  Such  a  conclusion  is  supported  by  the  microscopical 
examination,  of  other  pupal  guts  already  alluded  to.  {See  Experiment 
No.  XXVII.). 
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VI.— NOTES    RELATING  TO  THE    LIFE   HISTORY    OF    SOME    NEAR 
ALLIES    OF    STEGOMYIA    FASCIATA    AND    ASSOCIATED    SPECIES. 


Steii'onivia  sn(^eiis. 


Larvae  of  this  .species  were  obtained  solely  from  rock  pools. 
The  development  of  the  larvai  is  very  rapid  under  favourable 
conditions,  rigorous  selection,  consequent  upon  the  habit  of  breeding 
in  the  smallest  of  rock  pools,  probably  having  compressed  the  larval 
period  into  the  shortest  space  consistent  with  physiological  require- 
ments.    In  captivity  the  eggs  incubate  within  two  days. 

Eggs. — (Fig.  I,  page  i8).  The  eggs,  although  very  similar 
to  tho.se  of  5.  fasciata  in  general  appearance,  are  smaller,  shorter, 
and  more  o\al  in  outline,  with  traces  only  of  the  flattening  side 
which  gives  the  egg  of  S.  fasciata  its  asymmetrical  aspect.  The 
average  size  of  six  eggs  was  "573  mm.  in  length  and  '176  mm. 
in  width,  the  smallest  being  '530  mm.  by  "176  mm.  in  width,  the  largest 
•590  mm.  by  'iHo  mm.  The  surface  is  covered  with  the  same  delicate 
cellular  reticulation,  central  bosses  not  noticeably  different  from 
those  on  the  eggs  of  ^S".  fasciata  being  present.  The  wall  surrounding 
the  micropylar  area  was  a  trifle  more  prominent  in  the  eggs  compared, 
and  had  a  slight  outward  slope  or  overhang. 

As  regards  the  power  of  hatching  within  a  {c\\  minutes  of 
immersion,  serial  hatching,  resistance  to  drought  and  response  to 
cooling  the  eggs  are,  so  far  as  the  smaller  amount  of  experimental 
work  entitles  one  to  say,  as  well  and  similarly  endowed  as  those 
of  S.  fasciata.     (See  experiment  which  follows). 

Hatching  of  Eggs  of  Stcgoinyia  sugens. — Two  females  reared 
from  larvjE  taken  in  a  rock  pool  at  Murray  Town.  Emerged  on 
or  about  i8th  October,  placed  in  a  large  cage  with  males  and 
afterwards  kept  in  a  small  jar.  One  female  died  after  the  first 
batch  was  laid,  the  second  on   the  8th  November. 


NUMHEK 

OF 

EGGS  LAID. 

Date  of  hatching. 

Date   on   which 
eggs  were  laid. 

^October. 

November. 

Dece.mber. 

29 
5 

30 
3 

3 

5 

II 

3 

13 

2 

19 

7 

20 
2 

21 
I 

22 
7 

23 
8 

24 

I 

12     20 

I    34 

...  . 

21 

27  October 
4  November 

100 
20 

4 
3 
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Notes. — A  portion  of  the  first  batch  of  lOO  were  immersed  at 
once,  while  about  one-third  were  allowed  to  dry  and  immersed 
a  week  later.  When  these  dried  eggs  were  immersed  5  hatched 
within  15  minutes      Subsequently  both  portions  were  treated  alike. 

The  eggs  were  kept  immersed  from  the  3rd  to  iith  November 
without  any  hatching  ;  they  were  then  transferred  to  fresh  water 
2^^  F.  below  that  they  were  in.     Three  hatched  during  the  night. 

On  the  17th  November  a  portion  of  the  eggs  were  dried,  placed 
in  an  incubator  at  98  F,  for  several  hours  and  thence  into  a  desiccator  ; 
on  the  following  da}'  they  were  placed  in  a  moist  atmosphere  and 
after  24  hours  drops  of  water  were  gradually  added,  until  the  filter 
paper  on  which  the\'  were  laid  was  saturated.  They  were  then 
submerged  in  shallow  water.     7  emerged   within   30  minutes. 

A  second  portion  was  dried  without  the  use  of  incubator  or 
desiccator,  but  otherwise  treated  similarly.  None  of  the  eggs  hatched 
within  several  hours  of  their  immersion. 

A  third  portion  was  kept  immersed  without  an\-  alteration  of 
the  conditions.  None  hatched.  On  the  following  day  the  pan 
containing  these  eggs  was  placed  in  an  ice  chest,  and  the  temperature 
of  the  water  lowered  b\'  6"  F.  One  larva  emerged  within  an  hour 
and  a  second  within  three  hours. 

On  the  following  day  the  cooling  was  repeated  without  effect 
but  two  emerged  the  next  da}-.  Also  5  hatched  of  the  batch 
that  had  been  gradually  wetted  and  immersed,  after  drying  without 
the  use  of  incubator  or  desiccator,  three  days  previous!}-. 

On  the  20th  December,  all  the  eggs  having  been  kept  in  water 
since  the  12th  December,  they  were  lifted  from  the  water  and  exposed 
to  the  ver}-  dry  wind  then  blowing.  After  half  an  hour  they  were 
re-immersed  in  the  same  water.  26  hatched  within  15  minutes  and 
8  more  within  the  hour. 

These  larv?e  fed  up  rapidly  and  produced  normal  adults,  which 
fed,  paired  and  laid  eggs  in  due  course. 

The  remaining  unhatched  eggs  were  dried  on  the  31st  December 
and  stored  on  the  ground  in  the  mosquito  house  until  April  when 
they  were  re-immersed.  None  hatched,  and  on  the  12th  Ma}-  the 
few  remaining  eggs  that  retained  their  shape  were  dissected  and 
found  to  contain  dead  larvae.  These  eggs,  like  the  stored  eggs  of 
S.  fasciata,  suffered  from  the  attacks  of  Psocidcr. 

It  is  possible  that  the  hunu'd  storage  does  not  suit  5.  sugeus  eggs, 
which,  judging    by    the    situation    of  the    breeding    pools,  must    be 

IV* 


132 

capable  of  withstanding  great  extremes  of  heat  and  drought.  Dried 
eggs  have  hatched  within  15  minutes  of  their  immersion,  and  the 
larva;  have  grown  to  full  size  within  three  days.  Pupation  has  occurred 
within  four-and-a-half  to  five  days,  and  adults  have  emerged  within 
six  days  of  the  hatching    of  the    egg. 

Probably  under  favourable  conditions  in  the  natural  state  the 
time  would  be  shortened,  in  fact,  the  appended  note  shows  that  it 
may  be,  but  the  specimens  in  this  case  were  undersized. 

Breeding  of  Stegomyia  sugeus  in  Small  Roek  Pools. 

On  the  5th  May  a  small  basin-shaped  rock  pool  on  Tower  Hill 
(Plate  No.  5,  page  9)  was  found  to  be  swarming  with  larvse  of  Stegomyia 
sugeus.  The  pool,  which  was  capable  of  holding  about  one  litre, 
had  a  small  amount  of  muddy  sand  at  the  bottom,  and  was  fully 
exposed  to  the  sun,  situated  on  a  large  bare  convex  rock. 

The  larvae  were  all  of  a  size  either  already  in  their  third  skin 
or  about  to  moult  for  the  second  time.  As  from  its  size  and  shape 
the  pool  did  not  seem  capable  of  resisting  more  than  two  successive 
dry  days,  it  was  kept  under  observation.  The  following  day  was 
sunn}-,  and  b}-  5  p.m.  more  than  half  the  water  had  evaporated.  As 
a  number  of  S.  sngens\\e\<t  required  in  order  to  obtain  eggs,  about  half 
the  larva;  and  water  was  taken.  (Within  a  week  88  male  and  72  female 
specimens  of  6".  sugeus  had  emerged,  also  3  females  of  S.  f<rseiata  and 
I  of  S.  luteocepliala  from  the  larva;  taken  from  this  pool.)  It 
threatened  to  rain  the  same  night,  but  the  tornado  passed  with 
only  a  few^  drops  of  rain.  The  next  day  being  fine  and  sunny, 
the  pool  was  dried  and  the  sand  at  the  bottom  got  a  thorough 
baking,  the  shade  temperature  being  85^  F.  On  the  next  night, 
the  8th,  it  rained  steadily  until  daybreak  and  the  pool  was 
visited  about  5.30  p.m.,  when  it  was  found  to  contain  numbers 
of  young  larvje  full  grown  in  their  first  skins.  There  seems 
no  doubt  that  these  had  hatched  since  the  rain,  as,  apart  from 
the  baking  which  the  pool  had  on  the  7th,  the  fact  that  the 
larva;  were  younger  than  those  found  in  the  pool  earlier 
precludes  any  possibility  of  their  being  survivors  of  that  brood.  It  is 
further  certain  that  they  must  have  hatched  from  resistant  eggs 
lying  in  the  hollow,  as  the  interval  between  the  commencement  of  the 
shower  and  the  finding  of  the  larv^t  was  not  long  enough  to  allow  of 
the  incubation  of  freshly  laid  eggs.  On  the  evening  of  the  iith  the 
water  was  again,  very  low  ;  development  had,  however,  been  extra- 
ordinarily rapid,  a  few  of  the  larvae  having  already  pupated    (within 
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three  da}'s  of  hatching),  but  the}-  were  clistinctl}^  small  for  the  species. 
On  the  1 2th  the  water  had  evaporated,  but  both  larvae  and  pupae  were 
found  to  be  ali\e  in  the  wet  mud  and  became  fully  active  in  water. 
Heavy  rain  fell  on  the  night  of  the  I2th  and  saved  the  survi\ors  from 
the  fate  of  the  earlier  hatched  members  of  the  brood. 

Adults. — No  wild  adults  were  obtained  or  seen.  Experiments 
with  bred  specimens  reveal  it  as  an  equally  greed}-  and  persistent 
feeder  on  human  blood  as  its  cogener  S.  fasciata.  It,  has,  how- 
ever, man}-  traits  which  suggest  it  to  be  less  domesticated  than 
^.  fasciata^  which  shows  the  laxness  of  pairing  and  feeding 
habits  which  so  frequentl}-  occurs  with  animals  brought  into 
close  relationship  with  man.  Mating  could  onl}-  be  obtained 
by  the  use  of  a  large  cage  ;  it  was  not  witnessed,  and  apparently 
only  took  place  at  night,  while  feeding  during  the  daytime 
could  only  be  induced  by  darkening  the  cage.  Feeding  was, 
however,  quite  dissociated  from  pairing,  as  \irgin  females  kept  in 
small  boxes  fed  readily  and  repeated!}',  sometimes  to  such  excess 
that  the}-  voided  the  surplus  blood,  apparent!}^  quite  undigested. 
Under  these  conditions  small  numbers  of  infertile  eggs  were  laid, 
and  the  length  of  life  of  some  of  the  specimens  was  over  a  month. 

A  subsequent  trial  with  a  larger  number,  including  males,  was 
made  at  the  close  of  the  rains,  the  insects  being  kej3t  in  a  large 
cage  because  fertile  eggs  were  not  obtained  when  the}-  were  kept  in 
small  cages.  In  this  case  the  length  of  life  was  shorter,  there  being 
a  very  heav}-  mortalit}'  within  a  few  da}'s  of  emergence.  Not  more 
than  two  batches  of  eggs  were  laid  by  segregated  females,  but  this 
does  not  probably  represent  the  limits  of  fecundit}-.  Feeding  would 
seem  to  be  adjusted  in  relationship  to  egg  la}'ing,  as  with  S.  fasaata, 
taking  place  on  successive  nights,  but  being  refused  just  prior  to 
oviposition.  No  exact  figures  as  to  the  number  of  eggs  laid  by  a 
single  female  were  obtained,  but  two  females  laid  over  lOO  in  a 
single  night. 

StcgoiNvia  sii/ipsoiii, 

Larvie  of  this  species  were  obtained  from  water  holes  in  a  cotton- 
wood  tree,  and  a  number  were  reared  from  a  mass  of  leaves  taken 
from  the  same  holes  during  the  dr}'  season.  A  very  general  breed- 
ing place  would,  however,  seem  to  be  in  small  collections  of  water 
in  the  axils  and  whorls  of  leaves  of  the  coco  yam,  cock  hat  tree, 
a  species  of  Draaena  {see  Plates   i6  and   17,  page  17),  and  banana. 

Only  infertile  eggs  were  laid  by  captive  females.  (See  Fig.  r, 
page   18.)       These,   while   generalh-  similar  to  those  of   S.  fasciata 
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and  vS",  siigens  in  colour,  shape,  size  and  surface  structure,  differ  in 
several  minor  points.  The}'  are  smaller  and  slightly  more  slender  than 
those  of  S.  fasciata  and  bilaterally  symmetrical,  while  the  micropylar 
wall  is  lower  and  less  evident  than  that  of  S.  fasciata.  The  measure- 
ment of  two  or  three  eggs  gave  the  size  as  about  "550  mm.  in 
length  by  "120  mm.  in  thickness. 

In  the  absence  of  fertile  eggs  laid  by  captive  females  it  was 
not  possible  to  follow  up  the  larval  life  in  detail,  or  carry  out  any 
experiments  regarding  the  endowments  of  the  eggs  in  respect  of 
resting,  serial  hatching  and  response  to  external  stiuinli.  That  the 
eggs  are  drought-resisting,  and  that  the  species  depends  upon  tiding 
over  the  dry  season  in  the  egg  stage  seemed  obvious,  but  the 
record  of  rearing  from  leaves  stored  dry  (see  Notes  on  page  148) 
sets  the  fact  beyond  doubt.  Time  did  not  permit  of  searching  the 
leaf  axils  of  plants  during  the  dry  season  for  resting  eggs.  Failing 
their  discovery  in  such  situations,  it  remains  to  be  proved  whether 
the  species  uses  these  situations  as  auxiliary  to  water  holes  in  trees, 
or  if  it  can  exist  indefiniteh'  when  de[:)endent  upon  leaf  collections 
of  water  alone. 

Adults. — The  insects  fed  readily  at  night  on  human  blood  and 
to  a  limited  extent  in  a  darkened  cage  by  day.  They  were  indi- 
vidually almost,  if  not  quite,  as  greedy  as  S.  sugcns  or  S .  fasciata .  As 
only  infertile  eggs  were  laid  and  these  only  at  long  intervals,  though 
in  fairly  large  batches,  it  is  to  be  presumed  that  jiairing  did  not 
take  place  in  spite  of  the  fact  that  various  expedients  were  tried, 
and  that  a  number  of  both  sexes  were  kept  together  in  a  large 
cage.  No  attem[)ts  at  pairing  were  witnessed.  The  length  of  life 
was  not  determined  with  any  accuracy,  but  some  of  the  females 
certainly  lived   for  more  than  a  month  during  September — October. 

Stcgoinyia  luteocepJiala. 

This  species  was  obtained  in  the  larval  stage  chiefl}'  from  water 
holes  in  the  roots  of  cottonwood  trees,  though  a  few  were  taken  in 
rock  pools  of  similar  size  to  those  affected  by  ^".  sugeiis. 

Collections  of  water  in  tins  or  other  utensils  yielded  larv;e  at  rare 
intervals,  while  a  single  specimen  was  reared  from  the  coco  yam. 

^SS^' — ('S"^'^  Fig.  I,  page  18).  Infertile  eggs  .  approximate 
closely  to  those  of  S.  fasciata,  but  are  slightly  smaller  than  the  average 
eggs  of  this  species.  The  girth  is  greater  in  relation  to  the  length 
and  the  taper  to  the  ends  is  consequently  more  marked,  while  the 
flattening  of  one  side,  which  gives  a  slight  as)'mmetrical  outline  to 
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S./asciaia  from  certain  aspects,  is  accentuated.  In  the  particular  eggs 
compared  there  was  a  shght  difference  in  the  cellular  reticulation,  the 
walls  in  5.  lutcocepJiala  appearing  higher  in  relation  to  the  central  bosses, 
while  the  micrc)p)-lar  wall  was  lower.  In  the  absence  of  fertile  eggs  no 
experimental  work  was  carried  out,  but  on  the  evidence  obtained  by 
rearing  the  species  from  a  collection  of  dried  leaves  taken  from  a  root 
hole  it  is  possible  to  saj'  that  the  eggs  are  undoubtedly  endowed  with 
similar  drought-resisting  powers  to  the  other  species  of  the  genus 
alread}-  dealt  with.  On  two  or  three  occasions  considerable  batches 
of  infertile  o.'gg'^  were  laid  by  bred  females  on  wet  filter  paper  or  wet 
wood  (this  latter  seemed  more  attractive),  but  the  majority  of  the 
females  either  died  without  ovipositing  or  laid  only  a  few  eggs  at 
irregular  inter\-als. 

The  lar\Te,  like  those  of  6".  y?W(vV?A?,  appear  able  to  survive  without 
water  if  kept  moist.  A  larva  was  found  among  wet  lea\es  in  a  small 
water  hole  ;  its  skin  was  alread}'  dr\-  where  exposed  to  the  air,  and  it 
was  incapable  of  movement.  On  immersion  it  reco\'ered  and  a  male 
specimen  was  reared. 

Adults. — Like  the  other  species  of  Stcgomyia  the  females  fed 
readily  and  vigorousl\-  on  human  blood,  and  were  less  disinclined  to 
bite  by  day  in  a  darkened  cage  than  either  6'.  siu/psoi/i  or  6".  s/igt'us. 
Numerous  attempts  were  made  to  induce  the  insects  to  pair,  glass 
jars  as  well  as  small  and  large  wooden  cages  being  used.  Xo  attempts 
at  pairing  were  observed,  and  it  is  to  be  presumed,  as  infertile  eggs 
were  laid  on  several  occasions  by  the  females,  that  copulation  did  not 
take  place.  The  length  of  life  was  not  accurately  determined,  but  the 
females  lived  in  captivity  for  several  weeks. 

Oddcrotatus   apicocxiniiilatiis. 

Specimens  were  reared  Irom  larvct  taken  in  water  holes  at  the  roots 
of  trees,  in  rock  pools  and  occasionally  from  water  in  tins.  Man\' 
attempts  were  made  to  pair  the  insects  and  obtain  eggs.  Although 
the  insects  lived  for  two  or  three  weeks  in  captivit}',  and  the  females 
bit  fairly  frequently,  it  was  only  occasionally  that  they  filled  them- 
selves with  human  blood.  In  several  instances,  however,  the  same 
individuals  fed  several  times.  Towards  the  close  of  the  dry  season 
specimens  were  reared  from  a  collection  of  fallen  leaves  taken  from 
water  holes  at  the  roots  of  a  cottonwood  tree.  These  were  placed  in 
a  large  cage  kept  dark  and  moist  b)- hanging  wet  clothing  over  it,  and 
one  or  two  of  the  females  fed  greedily  b\'  day  on  a  himian  arm. 

Xo  attempts  at  pairing  were  observed  and  no  eggs  were  laid. 


136 

OcJilcrotatiis  mi)uitus. 

This  species  was  reared  from  larvae  taken  in  numbers  from  rock 
pools,  old  tins  and  water  holes  at  the  roots  of  trees  towards  the 
close  of  the  rains.  Numerous  attempts  were  made  to  get  the  insects 
to  pair  and  oviposit,  but  they  were  unsuccessful.  The  females  bit 
frequently,  and  sometimes  fed  well  on  human  blood. 

Ura)iotcEuia  oiitatus. 

This  species  was  reared  from  larvae  taken  exclusively  in  the  water 
which  collects  in  the  whorls  and  axils  of  the  leaves  of  plants  ;  many 
attempts  were  made  to  feed,  pair  and  obtain  eggs,  but  they  were 
all  unsuccessful,  and  the  insects  never  lived  more  than  ^^6  hours  in 
captivity.  The  females  never  attempted  to  take  human  blood  or 
betrayed  the  slightest  inclination  to  bite,  nor  were  they  observed  to 
feed  on  the  honey  provided  for  them. 

Eretniopoditcs. 

Three  species  of  this  genus  were  taken  in  the  larval  stage  ; 
E.  quijiquevittatiis  from  collections  of  water  in  tins,  etc.,  in  some 
numbers  ;  E.  cJirvsogastcr  sparingly  from  the  same  situations  ;  and 
E.  dracoiiis  commonly  from  collections  of  water  in  the  whorls 
and  axils  of  the  leaves  of  various  plants.  The  close  similarity  in 
general  appearance  and  colouration  of  the  species  is  very  puzzling, 
and  makes  the  segregation  of  active  individuals  for  pairing  purposes 
a  matter  of  chance.  The  males  of  F^.  cJirvsogaster  are  easily 
determined  by  the  tufts  on  their  hind  legs,  but  as  regards  E. 
quinqnevittatus  and  E.  draccBucc  the  only  easy  mode  of  determination 
is  hy  an  examination  of  the  pupa.  The  females  oi  E.  quinqnevittatus 
and  E.  draccena,  and  possibly  those  of  E.  chrysogaster,  fed  at  irregular 
intervals  on  human  blood  until  their  stomachs  were  distended  to 
an  extent  which  greatly  detracted  from  their  elegant  beauty.  A 
number  of  specimens  bred  from  a  collection  of  larvae  were  kept  in 
H.L.C.  cages  and  given  nightly  opportunities  of  feeding  on  human 
blood,  honey  being  placed  in  the  cages  for  the  males.  Occasionally 
they  were  all  turned  loose  for  a  few  nights  into  a  large  cage,  the 
females  being  segregated  afterwards  for  oviposition.  Most  of  the 
specimens  were  /f,  quiiiquevittatus,  but  males  at  least  of  E.  cJnysogastcr 
were  also  present.  A  small  number  of  eggs  were  laid  in  twos  and 
threes  ;  although  there  was  no  difference  in  colour  or  structure, 
there  was  a  striking  divergence    in    shape    and    size  ;    and    as    they 
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segregated  into  three  sizes  the  eggs  were  reared  in  separate  jars, 
but  the  pupal  stage  showed  conckisi\eh'  that  all  the  eggs  were 
all  those  of  E.  quiiiquevittatns. 


\J 


Fig. 


Outlines  of  eggs  of  Eretmopodites  quinqucvittatiis,  showing  the  wide 
variation  in  size  which  exists  in  tlie  eggs  of  this  species.  Adults  were 
reared  from  all  the  eggs.  The  dotted  outline  shows  an  egg  of  Sfegomyia 
fasciata  for  comparison. 


Both  sexes  were  reared  from  the  short  eggs,  and  a  pairing  was 
watched  in  a  H.L.C.  cage  ;  the  male  came  to  the  female  while 
she  was  resting.  The  blood-sucking  propensities  of  the  bred 
specimens  were  as  erratic  as  those  of  their  parents,  and  biting  was 
more  frequent  than  actual  feeding.  Though  the  injects  were  hardy 
and  bore  confinement  well,  they  did  not  live  lung — about  three 
weeks  being  the  average  time,  the  longest  life  not  being  more  than 
a  month. 

Eggs  of  E.  quinquevittatus. — These  were  almost  invariabl}-  laid 
horizontally,  on  the  sides  of  the  jar  or  on  pieces  of  wood,  just 
beneath  the  water  surface,  and  the  firmness  of  their  attachment 
suggested  the  use  of  some  cement.  A  small  batch  laid  on  the 
1 2th  October  was  divided,  some  of  the  eggs  being  dried  and  the 
others  immersed  in  a  pan  of  water.  Those  taken  from  the  water 
all  collapsed  on  drying  while  the  others  hatched.  Unfortunately,  no 
opportunit}^  of  repeating  the  experiment  occurred,  but  the  suggestion 
is  that  the  eggs  of  this  species  are  not  drought  resisting,  and  this 
is  possibly  supported  by  the  fact  that  all  the  eggs  pre\iously  laid 
hatched  within  a  few  days  of  laying,  there  being  no  cases  of 
serial  hatching  or  resistant  eggs. 

The  eggs  differ  markedly  in  appearance  from  those  of  Stegoiiiyia  ; 
they  are  bright  brown   in  colour,  the  shell  looking  thinner  and  more 
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delicate.  In  shape  they  are  longer  and  more  cylindrical,  with 
rounded  rather  than  pointed  ends,  only  the  slightest  trace  of 
asymmetry  being  disccn-nible  at  the  micropylar  end.  The  large  eggs 
are  nearly  a  third  longer  than  those  of  normal  S.  fasciata,  about  '8  to 
•9  mm.  ;  the  medium  sized  about  one  quarter  larger,  about  750  to 
•780  mm.,  while  the  small  eggs  are  scarcely,  if  at  all,  larger  than 
normal  eggs  of  S.  fasciata — being  about  "630  to  '650  mm.  in  length. 
These  short  eggs  were,  however,  thicker  than  the  medium  sized 
ones,  and  relatively  thicker  than  the  long  ones.  Actually  they  were 
not  quite  so  thick.  The  surface  is  smoother  than  that  of  the 
Stegomyia  eggs,  the  cellular  reticulation  being  more  delicate,  while 
the  central  area  of  the  cells  is  slight!}-  raised,  or  puffed,  to  use 
Mitchell's  term.  The  appearance  of  the  empty  shell  suggests,  how- 
ever, that  the  raised  areas  are  structural  features  of  the  egg-shell,  and 
not  pockets  containing  a  separate  substance  as  in  Sfegojnjna.  In  the 
absence  of  sections,  however,  it  is  not  possible  to  speak  with  certainty 
on  this  point.  All  three  forms  of  egg  produced  normal  adults,  the 
only  observed  differences  being  in  regard  to  date  of  hatching  and 
development  of  larvre,  the  short  eggs  taking  five  or  six  days  to 
hatch  as  against  two  or  three  in  the  case  of  the  larger  eggs  ;  while 
the  larvct  which  emerged  from  them  fed  up  more  ra[jidl3%  but  as 
the  larvae  were  kept  in  separate  jars  this  may  have  been  due  to 
variation  in  food. 

LarviC. — The  lar\;e  of  these  species  are  long,  slender,  even  in 
comparison  with  those  of  Stegomyia,  and  of  pale  colouration.  They 
.show  traits  of  ground  feeding,  moving  over  the  sides  and  bottom 
of  the  jar  with  a  walking  or  gliding  movement,  browsing  as  they 
go.  This  habit  is  also  very  noticeable  with  )'oung  larva;  of 
Stegomyia  fasciata,  but  it  gradually  becomes  less  noticeable  as  they 
grow  older,  whereas  it  is  characteristic  of  the  lar\ne  of  Eretmopodites 
when  fully  grown. 

Pupce. —  In  this  stage  Eretmopodites  exhibit  some  marked  diver- 
gencies from  other  mosquito  pupae,  and  also  vary  widely  within  the 
group.  The  abdomen  is  larger  and  longer  in  relation  to  the  thorax 
and  less  curved,  rendering  the  pupa;  as  a  whole  straighter  and  less 
"■comma"-like  than  the  other  mosquito  pupa;  dealt  with  in  this  Report. 
The  paddles  are  relatively  small  and  heavily  fringed  with  hairs,  while 
in  E.  qiiinquevittatus  the  reduction  in  size  is  so  marked,  and  the 
importance  of  the  hairs  on  the  apex  of  the  paddles  and  terminal 
segments  of  the  pupae  are  so  exaggerated,  that  it  appears,  superficiall}' 
at  any  rate,  to  differ  more  from  its  fellow  species  within  the  group 
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tlian   the    genus    as    a    whole    does    from    StegVDij'ia    in    respect  of 
pupal   characters.    [See  Figures  on  pp.    142  and   144.) 

Adults. — As  already  noted,  these  extremely  beautiful  and  elegant 
insects  are  certainly  blood  suckers.  It  is,  however,  doubtful  if  man 
is  the  normal  host.  Specimens  given  honey  and  water  and  banama 
lived  for  two  or  three  weeks,  although  they  were  never  observed 
to  feed  on  the  foods  given  them.  The\^  have  a  characteristic  habit 
of  wandering  about  and  carefully  probing  with  their  slightly  curved 
proboscis  the  surface  of  wood  and  glass,  as  though  searching  for 
minute  drops  of  moisture. 
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VII. -NOTES  REGARDING  THE  POSSIBILITIES  OF  THE  PUPAL 
PADDLES  (ANAL  PLATES  OF  WESCHE)  FOR  PURPOSES  OF 
CLASSIFICATION  AND  THE  SEPARATION  OF  ILL-DEFINED 
SPECIES. 

An  examination  of  the  pupa  cases  of  the  species  of  StegoDiyia, 
Eretnwpoditcs,  and  other  mosquitoes  bred  at  Freetown  during  the 
course  of  the  research,  showed  that  very  marked  differences  may 
occur  in  the  pupal  paddles  of  closel}--related  species.  Though 
time  did  not  permit  of  a  full  examination  and  detailed  description 
being  made  of  all  the  pupal  characters,  the  divergence  in  shape 
and  structure  of  these  appendages*  proved  so  con\enient  and  easy 
a  method  of  separating  species  closel}'  resembling  each  other  as  do 
the  females  of  E.  quiiiqnevittatus  and  E.  chrysogastcr  that  preparations 
and  camera  drawings  were  made  of  as  man}'  species  as  possible. 

Incidentally  this  led  to  the  discovery  of  a  new  species  bred 
from  collections  of  \\ater  in  the  central  whorl  and  axils  of  the 
leaves  of  plants,  which  is  described  by  Mr.  F.  W.  Fdwards  under 
the  name  of  Erctmopodilcs  draccuiuc  Edw.  in  the  "  Hulletin  of 
Entomological   Research,"  V^ol.  VI.,   Part  4. 

Although  the  divergence  in  structure  between  the  paddles  of  ii. 
qiiitiquevittatus  2iW(\  those  of  the  other  species  of  the  genus  Erctniopodites 
is  so  remari<able,  this  would  seem  to  be  unusual,  a  slight  difference, 
such  as  that  existing  between  the  various  species  of  Stegomyia  being 
more  general ;  while,  on  the  other  hand,  there  may  be  a  close  approxi- 
mation in  character,  as  is  the  case  with  Anopheles  (Pyretophorus) 
costalis  and  [My:zo)/iyia)  fiinestus.  There  seems,  therefore,  no  like- 
lihood, so  far  as  the  scanty  material  examined  goes,  that  these 
characters  could  be  made  to  afford  the  basis  for  an  independent 
scheme  of  classification,  such  as  has  already  been  suggested  on  larval 
characters.  On  the.  other  hand,  these  pupal  appendages,  which  are 
obviously  likely  to  be  adaptive  rather  than  ancestral  in  character, 
afforded  so  ready  a  means  of  discrimination  in  the  above  case  that  it 
seems  worth  while  to  call  the  attention  of  workers  in  this  group  of 
insects  to  their  possibilities. 

This  appears  to  be  the  more  necessary  as  Wesche  (1910)  in  his 
paper  dealing  with  the  larval  and  pupal  stages  of  the  West  African 


*  Wesche    (1910)    lerms    these   fins    "Anal    Plates."      The   authors    of  the   Carnegie 
Monograph  (1912,  etc.)  refer  to  them  as  "Anal  Paddles." 
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Culicidce  has  scarceh'  done  justice  to  the  pupal  characters.  The 
species  he  treats  of  do  not  show  any  such  striking  differences  as 
those  between  the  various  Eretiiiopoditcs  referred  to  above,  but, 
judging  b\'  the  plates  illustrating  his  article,  insufficient  magnification 
has  been  used  and  the  representation  of  Auopheles  ( Pyrctopliorus) 
costalis  is  seriously  in  error  as  regards  the  character  of  the  terminal 
hair  or  seta  on  the  paddle,  which  is  really  strongly  reminiscent 
of  a  boot-hook.  (Compare  Fig.  19,  page  146,  with  fig.  6,  plate  \'I.,  in 
Wesche's  paper.) 

It  is  somewhat  remarkable  also  that  ^Messrs.  Howard,  D\'ar  and 
Knab  (191 2)  in  their  monograph  of  the  Mosquitoes  of  North  and 
Central  America  and  the  West  Indies  have  made  but  slight  use 
of  the  pupal  paddles,  while  to  m\'  great  disappointment,  the  mag- 
nificent plates  illustrating  this  work  show  the  pup;t.'  onh'  in  lateral 
aspect. 

Pending  the  description  and  figuring  of  a  w  ider  range  of  species, 
the  characters  aftbrded  by  the  paddles  can  only  be  used  in  the 
same  limited  manner  as  at  first  supplied  to  the  genitalia  of  insects 
generalh',  i.e.,  as  a  test  of  separation  in  difficult  cases.  For  this 
purpose  the  paddles  of  mosquito  pupa;  are  readily  available,  as  the 
pu]:)a  case  can  be  examined  under  a  low  magnification  and  the 
paddles  are  all  in  one  plane. 

Permanent  mounts  are  ver\-  easiU'  made.  The  empt}-  pupa 
case  should  be  removed  from  the  breeding  jar  as  soon  after  the 
emergence  of  the  adult  as  possible  ;  while  it  still  floats  is  best.  It 
is  then  spread  on  a  slide,  the  wing,  leg  and  thoracic  portions  of 
the  case  being  separated  and  opened  out  if  desired.  A  cover  slip 
is  dropped  over  it  and  tied  down  with  fine  cotton  ;  it  can  then 
be  dehx'drated  in  alcohol,  transferred  to  xxdol  to  clear,  the  thread 
cut  off  and   balsam  run  in  without  disturbing  its  arrangement. 

All  the  figures  are  drawn  to  the  scale  of  30  diameters,  except  that 
of  ToxorJiyndiites  brevipalpis,  which,  owing  to  its  large  size,  has  only 
been  magnified  x  10. 

In  several  cases  the  setse,  though  represented  as  simple,  are  actually 
branched,  but  so  minuteh-  that  it  was  impossible  to  show  this  feature 
without  gross  exaggeration.  The  marginal  fringes  to  the  paddles 
would  appear  in  all  cases  to  be  the  development  of  a  serrated  edge, 
even  \\'hen  the  fringe  is  \q\-\  long,  as  with  Eretmopodites  clnysogasier ; 
the  distinction  between  these  tapering  filaments  and  the  round 
sectioned  setie  on  the  abdominal  segments,  or  the  terminal  ones  on  the 
paddles,  is  quite  clear.     In  some  cases,  as  with  Stegoiuyia  sugens  and 
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Ochlerotatus  apicoannulatus,  the  serrations  are  excessively  minute  and 
delicate.  In  most  instances  it  was  only  practical  to  represent  these 
fringes  by  single  lines. 


Fig.  4. 


Fig.  5. 


Fu 


Fig.  7. 


Figures  4,  5,  6  and  7  represent  the  paddles  of  Stegomyia  fasciata, 
stigens,  siinpsoni  and  lutcoccphala.  All  four  species  show  well  marked 
differences,  the  marginal  fringe  in  fasciata  and  simpsoni  consists  of 
delicate  serrations.  The  asymmetry  of  the  terminal  lateral  setre  on 
the  eighth  abdominal  segment  oi  lutcocephala  is  rather  noticeable,  but 
is  of  course  not  a  normal  feature  —  asymmetrical  divergence  in  the 
setse  of  insects  being  by  no  means  an  uncommon  phenomenon, 
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The  paddles  of  OcJilcrotatiis  siiuNlans  (Fig.  8),  apicoantiulatiis 
(Fig-.  9\  and  tuinutits  {¥\g.  lo),  though  very  similar  in  general  appear- 
ance, each  show  one  or  more  distinguishing  features. 


Fig.  8. 


Fig.  9. 


Fig.  10. 


The  four  figures  of  the  paddles  of  Erctinopodites  are  those  of 
quingtieinttatus  {¥\g.  i\),chn'sogastej'  {¥\g.  12),  draauncr  {¥\g.  13),  and 
an  undetermined  specimen  (Fig.  14).  The  heavily  fringed  paddles  of 
the  last  three  specimens,  together  with  the  extraordinary  specialization 
of  qiiinquevittatus,  make  the  group  a  very  interesting  one  as  regards 
this  character.     Only  a  single  specimen  of  the  undetermined  species 
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was  obtained,  and,  owing  to  some  mischance,  the  adult  which  emerged 
from  it  either  escaped  or  was  mislaid,  and  a  specimen  of  h.  dmavnce 
was  b\-  mistake  associated  with  it. 


Kic.   II. 


Fig.  12. 


Fig.  13. 


Fig.  14. 


Uranotcenia  ornata  (Fig.  15)  was    the   only  species  of  the  genus 
taken  ;  it  has  quite  distinctive  paddle  characters. 


145 


Culcx  tigripcs  (Fig.  1 6)  has  broad  fringeless  paddles,  witli  two  small 
fail-branched  lateral  setas  on  the  eiq-hth  ses^ment. 


Fk;.  i^ 


Fig.    i6. 


Fig.    17. 


Fig.    18. 


Cnlicioiiivia  }icbulosa   (Fig.  \J)  has  much  the  same  general  type  of 
paddles,  but  differs  as  regards  these  lateral  setit. 

ToxorJiyuchites  brevipalpis  (F'ig.  18). — The  paddles  of  this  giant 
species  have  no  terminal  spine ;  the  lateral  sets  on  the  eighth  segment, 
which  are  specially  developed  on  the  other  specimen  figures,  are  small 
and  inconspicuous,  but  certain  dorsal  setai  on  the  seventh  and  eighth 
abdominal  segments  are  very  long  and  markedly  serrated. 
L 
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Anopheles. — The  only  two  species  obtained  were  PyretopJiorus 
costalis  (Fig.  19)  and  Myzomia  funesUis  (Fig.  20).  They  are  almost 
identical  in  the  character  of  the  terminal  segments  and  paddles,  the 
only  noticeable  point  of  difference  being  that  the  lateral  seta;  on  the 
eighth  abdominal  segment  of  /z^z/fj-Z/^j- are  larger,  with  less  spread  of 
the  branches  than  in  costalis.  This  difference  is,  however,  rather  more 
accentuated  in  the  illustration  than  it  should  be. 


Fig.  19. 


Fk;.  20. 
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VIII.  NOTE  REGARDING  THE  REARING  OF  SEVERAL  SPECIES 
FROM  DEAD  LEAVES  TAKEN  FROM  AN  EMPTY  WATER- 
HOLE    DURING    THE    DRY    SEASON. 

In  the  early  part  of  January  a  small  number  of  fallen  leaves  in 
a  dvy  water-hole  at  the  root  of  a  Cottonwood  tree  were  collected  and 
examined  for  eggs  (sci'  Plates  i  and  2,  p.  6).  About  thirt\'  leaves 
were  carefully  examined  under  a  binocular  dissecting  microscope. 
Eggs  were  found  on  several  leaves  ;  examples  were  sent  home  to  be 
photographed  by  Air.  F.  Xoad  Clark,  and  for  exhibition  at  one  of  the 
meetings  of  the  Yellow  Fever  Commission  ;  these  last  were  passed  on 
to  Mr.  Malcolm  Evan  MacGregor,  of  the  Wellcome  Bureau  of 
Scientific  Research,  who  reared  a  number  of  specimens  o^  Stegoiuyia 
fasciata  from  the  eggs.*  Specimens  of  .S".  fasciata  were  also  reared 
in  Freetown  from  eggs  laid  on  one  of  the  leaxes. 


PHOTOGRAPH     OF    ECzOS    OF    STEGOMYIA    FASCIATA. 


I'hoto  by  F.  Xoad  Clark.']  Plate    No.    23. 

Eggs  of  Stcgomyia  fasciata,  laid  on   a  leaf  of  Cottonwood  tree.  x  40. 


*  Journal  of  Tropical   Medicine  and  Hygiene.      "  Notes  on  the   rearing    of  Stegoniyia 
fasdaia  in  London,"  Vol.  XVIIL,  No.  17,  pp.  193-196. 

L* 
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During  the  latter  part  of  January  a  further  collection  of  fallen 
leaves  was  made  from  the  dry  water-holes*  in  the  same  tree,  but,  as 
time  did  not  permit  of  their  examination  for  eggs,  they  were  left 
lying  in  a  paper  envelope  on  the  laborator}-  bench.  No  opportunity 
for  careful  search  having  occurred  by  the  13th  March,  the  leaves 
were  placed  in  a  new,  carefully  cleaned  petroleum  tin  and  about 
5,000  cc.  of  tap  water  added.  By  the  15th  March  the  water  was 
swarming  with  larvcie  of  all  sizes  up  to  the  third  skin.  A  few 
were  examined  and  found  to  be  larvae  of  S.  fasciata.  A  number 
of  dead  cockroaches  were  placed  in  the  tin  on  this  date.  On  the 
17th  March  (four  days  after  the  immersion  of  the  leaves)  about  30 
pups  vvere  captured  and  transferred  to  glass  jars.  On  the  i8th  a 
further  50  were  caught  in  the  tin  ;  9  males  of  5'.  fasciata  emerged 
from  the  first  batch  of  pup;e  one-hundred-and-twenty-six  hours 
after  the  leaves  were  placed  in  water.  On  the  19th,  ^^J  more  males 
and  4  females  of  ,S.  fasciata  emerged  ;  over  100  specimens  of 
both  sexes  emerged  on  the  20th  March,  and  i  male  specimen 
of  S.  siinpsoni;  on  the  21st  March,  in  addition  to  ^.  fasciata, 
more  specimens  of  S.  sinipsoiii  and  a  number  of  .S".  luteocephala 
and  OcJilerotatiis  apicoannulatus  emerged.  There  was  rather  a 
heavy  death  rate  among  the  larvae  in  the  tin,  due  apparently  to 
too  large  a  number  of  cockroaches  being  added  and  causing  a 
greasy  scum. 

The  total  numbers  reared  were : — 


.V   fa 

Sit  a/ a. 

6'.  si/iipsoui. 

A'.  Ittleotepliala. 

0.  apicoaiumlatiis. 

Males, 

Females. 

Males.  !  Females. 

Males.    Females. 

Males. 

Females. 

March 

18  ... 

9 

19  ... 

37 

4 

20  ... 

25 

72 

I 

21  ... 

19 

57 

7 

8 

19                 I 

5 

6 

22  ... 

4 

4 

6 

24                 7 

3 

23  ... 

24  ... 

I 

I 

8 

2 

3            25 

2 

95 

138 

16 

46           35 

i 

5 

9 

*  Although  there  was  no  water  in  the  holes  at  this  date,  the  matted  mass  of  decaying 
leaves  at  the  bottom  was  still  moist  ;  these  were  not  disturbed,  only  the  loose  undecayed 
leaves  being  collected. 
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From  this  record  it  will  be  seen  that  S.  fasciuta  is  easil}'  the 
quickest  breeder,  the  average  times  being:  S.  fascia  fa,  y\  daj's  ; 
.S".  sii/ipsofii,  8*4;  S.  luteoccpJiala,  9T  ;  and  0.  af^icoaiiiiiilatus,  8'2. 
Perhaps  the  chief  point  of  importance  in  this  breeding  record  is 
the  proof  it  affords  of  the  passage  through  the  dry  season  in 
the  &^^  state  of  .S".  siiiipsoiii.  S.  luteoccpJiala^  and  Ochlcrotatiis 
apicoamuiIatHS. 

A  careful  watch  was  kept  on  the  breeding  tin  for  larvae  that 
were  expected  to  emerge  from  resistant  eggs,  but  none  occurred, 
although  cooling  was  resorted  to.  It  is  a  possible,  if  not  a  very 
satisfactory,  explanation  that  the  grease  in  the  water  from  the 
cockroaches  proved  fatal  to  the  late  hatched  larvae. 
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IX.— METEOROLOGICAL  CONDITIONS  AS  AFFECTING  THE 
BREEDING  AND  DISPERSAL  OF  MOSQUITOES  AT 
FREETOWN. 

The  character  of  the  incomhig  rainy  season,  together  with  the 
tornadoes  which  herald  its  ajoproach,  is  probably  of  great  importance 
in  this  connection,  as  quite  small  divergencies  ma\'  cause  exaggerated 
effects  in  regard  to  the  numbers  and  distribution  of  the  various  srjecies. 
The  early  tornadoes  (which  commenced  on  the  /th  March)  were 
frequently  of  the  nature  of  dry  squalls  ;  if  accompanied  by  rain  at  all 
it  usually  fell  only  towards  the  end  of  the  blow.  Their  direction  was 
generally  from  the  E.S.E.,  travelling  down  the  estuary  of  the  Sierra 
Leone  River  and  through  the  gap  in  the  hills  behind  Mount  Aureol. 
They  were  generally  accompanied  by  clouds  of  dust ;  and  insects, 
especially  small  ones,  such  as  mosquitoes,  would  easily  be  caught  up 
and  carried  by  the  wind  like  snowflakes,  dropping  to  earth  behind 
any  shelter,  such  as  the  banks  of  the  brooks,  houses  and  streets  of 
Freetown  would  afford. 

Coincident  with  these  squalls  reports  of  mosquitoes  on  the  shipping 
in  the  harbour  occurred,  also  cases  of  fever.  Specimens  of /\  costalis, 
S.  fasciata  and  a  number  of  C.  nebiilosa  were  received  from  Dr.  Costello 
of  the  s.s.  "  Transmitter,"  which  lay  some  500  or  600  yards  off  shore. 

Some  of  the  most  extensive  breeding  grounds  (Kissy  flats,  see 
Plates  13,  14  and  15,  pp.  14,  16)  for  the  Anopheles  mosquitoes  lay  a 
few  miles  up  river  S.E.  of  Freetown,  so  that  an  immigration  of  these 
species  into  Freetown  during  the  season  of  these  dry  squalls  is  a 
possibility  to  be  reckoned  with  ;  more  especially  is  this  the  case,  as 
the  squalls  generally  take  place  at  night,  or  just  before  daybreak,  when 
mosquitoes  are  likely  to  be  on  the  wing. 

It  is  therefore  of  importance  to  the  mosquito  section  of  the 
sanitation  of  Freetown  that  the  administrative  area  should  be  enlarged 
so  as  to  include  these  outl}Mng  districts,  and  attempts  made  to  confine 
the  surface  water  to  definite  cuts,  in  place  of  allowing  it  to  trickle  out 
over  the  large,  gently-sloping  areas  bordering  the  railway  {see  Plates 
9,  10  and  13,  pp.  12,  13,  14). 

It  is  also  specially  important  that  attacks  on  possible  mosquito 
breeding  places  should  be  commenced  at  the  very  onset  of  the  rains. 
These  are  necessarily  few  in  number,  and  restricted  in  area  at  this 
period,  and  might  be  scheduled,  as  they  will  consist  of  pools  in  the 
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beds  of  the  deeper  drainage  gullies  [see  Plates  24  and  25),  and 
hollows,  empt}-  water-holes  and  small  dried-up  ponds.  Later,  when 
the  rains  are  heaxier  and  the  showers  more  frequent,  all  these  places 
will  be  impossible  as  breeding  situations,  because  the  drainage  gullies 
(natural  or  artificial)  will  form  the  beds  of  streams  so  torrential   in 

ROCK     POOLS     NEAR     WILBERFORCE     STATION. 


PhiJe  Xo.  24. 

Rock  Pools  in  roadside  drain.  During  early  May  these  pools  swarmed  with 
pupa;  of  Stegoinyia  ;  in  June  and  July  the  constant  rainfall  kept  them 
washed  clear. 


character  that  any  larvae  or  pupa^  will  be  swept  into  the  creeks,  while 
the  larger  and  more  permanent  pools  will  have  attracted  numbers 
of  frogs  and  toads  intent  on  breeding.  The  available  breeding  places 
of  the  mosquitoes  change  as  the  season  advances,  the  number  of 
collections  of  water  beincf  enormoush'  increased,  as  even  the  slightest 
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hollows  can  be  utilized  when  showers  are  constantly  renewing 
the  water  in  them  .{st^e  Plates  4,  5  and  7,  pp.  8,  9,  11).  Very  great 
risks  of  drying  up  are  taken  by  the  species,  as  the  notes  on  Stcgoviyia 
sugeus  on  page  1 32  will  show,  but  mosquitoes,  and  especially  Stegomyia^ 
with  its  serial  hatching  eggs,  are  adapted  to  these  precarious  conditions; 

MOSQUITO     BREEDING     POOL. 


l\iiti.    Xo.  25. 

Rock  Pool  in  the  yutter  of  Murray  Town  Road,  which  was  tenanted  Ijy  swarms 
of  pupa?  of  Stegoniyia  siigens. 

the  constant  dangers  from  predaceous  enemies  and  competition  by 
other  organisms,  whose  life  cycle  is  not  so  rapid,  in  the  m.ore  permanent 
collections  of  water  being  of  more  moment  to  the  species  than  the 
mortality  arising  from  climatic  conditions. 
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X.-EXPERIMENTS    DEALING   WITH    THE    DESTRUCTION    OF 
STEGOMYIA  FASCIATA. 

Experiments  dealing  with  the  destruction  of  Stegoinyia  fasciata 
were  Hmited  to  the  egg,  larxal  and  pupal  stages,  and  the  use  of 
simple  and  easil}-  obtained  articles — ordinar\-  burning  petroleum, 
soft  soap,  flake  naphthalene  and  salt  water  (from  the  harbour) — one 
of  the  objects  of  the  trials  being  to  ascertain  to  what  extent  the 
eggs  were  destro\"ed  by  methods  readil}'  applicable  to  the  lar\al 
stage.  The  tests  carried  out  with  emulsions  were  directed  chiefl}- 
against  the  active  larval  and  pupal  stages,  the  attenuated  c]uantities 
of  emulsions  used  having  but  little  effect  on  the  resistant  eggs. 

No  experiments  were  conducted  with  the  adult  insects,  as  with 
the  limited  time  and  means  at  m\'  disposal  the  possibility  of 
impro\ing  on  the  alreach'  recorded  remedies  and  tested  methods  of 
applying  them  seemed  remote. 

In  order  to  render  the  tests  as  strictl}'  comparative  as  possible, 
the  trials  with  the  different  substances  were  carried  out  at  the  same 
time,  the  eggs,  larvae  or  pup;"e  being  taken  from  a  common  source, 
the  test  on  eggs  with  petroleum-soft  soa[:)  emulsion  being  an 
exception. 

Experimetit  No.  XLIX. 

COMPARATIVE     EFFECT    OF    SOFl'    SOAP    AND     PETROLEUM 
(I    IX    600)    ON    EGGS,    LARV.F:    AND    PUP.E. 

300  cc.  of  tap  water  was  placed  into  each  of  two  large  beakers  of 
three-and-a-half  inches  diameter. 

A  portion  of  a  large  batch  of  eggs  of  Stegoinyia  fasciata  recently  laid  on 
filter  paper  was  then  submerged  in  each  of  the  beakers,  and  a  number  of 
active,  well-grown  larvae  and  pupa;  were  also  put  in. 

•5  cc.  of  petroleum  ( =  i  in  600)  was  dropped  on  the  surface  of  the  water 
in  beaker  P.,  while  "5  gram  of  soft  soap  (  =  1  in  600)  was  dropped  into 
beaker  S.S. 

50  eggs  of  the  same  batch  were  placed  in  salt  (harbour)  water  as  a  control. 

Temperature  of  water  al)out  80"  F. 

U'ithi?i  I  hour  most  of  the  larvK  and  pupie  were  dead  in  both  of  the 
beakers. 

After  20  hours. 

E fleet  on  eggs  : — 

F. — Some  of  the  eggs  have  hatched  and  the  young  larvie  are  swinmiing 
about. 
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.S'..S'. — No  young  living  larvae  are  visible. 

Salt  Water  CotitroL — A  number  of  eggs  hrjve  hatched  and  the 
young  larvae  are  dead. 

The  eggs  were  then  removed  from  the  water  and  halved,  one-half  being 
returned  to  the  beakers  and  the  other  carefully  examined  under  the  binocular 
microscope  : — 

P. — 4  eggs  had  hatched  out  of  6i  examined. 

S.S. — No  eggs  had  hatched  out  of  68  examined. 

These  half  batches  were  then  dried  and  put  into  clean  tap  water  to  test 
the  effect  of  20  hours'  immersion  in  petroleum  and  soft  soap  on  them. 

After  48  hours'  immersion. 

P. — Many  more  eggs  have  hatched  and  larvK  are  living  ;  at  least  one 
has  moulted. 
Of  the  half  removed   to  tap  water,  28  have  hatched  and  larvre  are 
living. 

S.S. — Of  the  eggs  left  in  the  beaker,  31  out  of  60  have  hatched,  but  no 
living  larvae  are  visible,  the  water  is  too  cloudy  to  admit  of 
certainty  as  to  all  being  dead.  Of  the  half  removed  to  tap  water 
39  have  hatched,  all  of  which  are  living. 

Salt  Water  Control. — 31  out  of  about  50  eggs  put  in  have  hatched; 
only  one  larva  is  living  (it  died  shortly  afterwards). 

After  g6  hours. 

P. — The  water  still  smells  of  petroleum,  but  the  larvae  which  hatched 
from  the  eggs  are  doing  well. 

S.S. — No  signs  of  living  larv^. 

Of  the  eggs  removed  from  the  beakers  after  20  hours'  immersion  in  water 
to  which  petroleum  or  soft  soap  had  been  added,  all  but  two  or  three  doubt- 
fully fertile  eggs  have  hatched. 

In  the  salt  water  control  8  more  larvae  have  ha'ched  and  the  larvaj  are 
dead. 

After  8  days. 

P.— A  large  number  of  small,  underfed  but  active  larvc^  are  present. 
All  the  eggs  have  hatched. 

S.S. — No  living  larvae.  All  the  dead  ones  found  are  in  the  first  skin. 
A  few  unhatched  eggs  present.  After  drying  and  re-immersing 
these  resistant  eggs  in  clean  water  13  hatched  within  two  days, 
but  about  half  the  larva;  died  shortly  after  emerging. 

Conclusion. 

Petroleum. —  i  in  600  kills  all  larvae  and  pupae  but  fails  to  destroy  the  eggs, 
and  the  larvae  which  hatch  survive. 

Soft  Soap. — I  in  600  kills  all  larvae  and  pup^e  and  also  the  young  larvae 
which  hatch  out  from  submerged  eggs.  It  has  no  effect  on  eggs  which  have 
been  submerged  for  20  hours,  but  has  detrimental  effects  on  a  proportion  of 
those  which  have  been  submerged  for  8  days. 
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Experiment  No.  L. 
Second  Trial. 

CONTRASTED  EFFECT  OF  PETROLEUM  (i  IN  4,000),  SOFT 
SOAP  (i  IN  8,000),  AND  NAPHTHALENE  (i  IN  8,000)  ON 
EGGS,    LARV.E    AND    PUP.^^    OF    STEGOMYIA    FASCIATA. 

In  this  experiment  thoroughly  cleaned  petroleum  tins  cut  down  to 
six  inches  in  depth  were  used.  The  size  of  the  tins  is  nine  inches  by  nine 
inches  with  curved  corners.     Approximate  surface  area,  80  square  inches. 

4,000  cc.  of  tap  water  was  poured  into  each  tin  and  a  portion  of  a  large 
batch  of  eggs,  laid  three  months  previously  on  filter  paper  and  stored  dry, 
was  submerged  in  the  water.  A  number  of  active  larvae  and  pup^e  from  the 
breeding  pans  were  also  added. 

P. —  I  cc.  of  petroleum  was  dropped  on  the  water  in  one  tin. 
.V.-S". — "5  gram  of  soft  soap  was  dropped  into  another. 

N. — "5  gram  of  flake  naphthalene  was  scattered  on  the  water  of  the 
third. 

All  the  pans  were  covered  with  cheese  cloth.  Temperature  of  water 
about  80°  ¥. 

After  24  hours. 

P. —  II  adults  have  emerged  and  are  living.  The  larger  proportion 
of  the  larvK  and  pupa^  are  dead,  but  a  number  are  still  living. 

Eggs. — Large  numbers  of  eggs  have  hatched  ;  some  of  the 
young  larvte  are  dead  but  the  great  majority  are  active. 

.^..S". — 15  adults  have  emerged  and  are  living.  Most  of  the  pupce  and 
larvae  are  still  active  but  a  few  are  dead. 

Eggs. — Swarms  of  newly-hatched  larvae  are  swimming  about. 
No  dead  observed. 

N.- — -The  pupse  seem  to  be  quite  unaffected,  but  all  the  adults  that 
have  emerged  are  dead.  All  the  larvae,  save  a  few  inactive,  sickly- 
looking  ones,  are  dead. 

Eggs. — Numbers  have  hatched  but  there  are  no  newly-hatched 
living  larvje  to  be  seen. 

The  larvae  which  hatched  out  in  P.  beaker  of  the  first  test  (i  in  600) 
(Experiment  No.  XI. IX.)  and  lived  for  eight  days  were  put  into  N.  pan  of 
this  series. 

After  48  hours. 

P. — 10  more  adults  out.  All  the  remaining  pupae  and  most  of  the 
active  larv^  which  were  put  in  are  dead. 

Eggs. — The  larvce  which  have  hatched  out  are  now  very 
numerous.  A  small  proportion  are  dead,  but  most  are  quite 
active  and  many  are  in  their  second  skins. 
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S.S. — 9  more  adults  out.  The  greater  number  of  the  larvae  put  in  and 
a  few  pupa;  are  still  living. 

-Eggs. — Swarms  of  active  newly-hatched  larvie  are  visible. 

JV. — The  flakes  of  naphthalene  have  now  largely  disappeared  from  the 
surface  of  the  water  ;  some  have  sunk,  others  have  doubtless 
evaporated. 

21  more  adults  are  out — ii  dead,  lo  living.  Only  3  living 
larvae,  of  those  originally  put  in  and  those  transferred  from  the 
^.  beakers  in  the  first  trial,  remain. 

Eggs. — Large  numbers  of  dead  newly-hatched  larvte  are  visible 
but  no  living  ones. 

Conclusion  at  48  Hours. 

Petroleum,  -i  in  4,000  (i  cc.  to  80  square  inches  area),  while  generally 
effective  as  a  larvicide,  allowed  of  a  few  survivors.  It  is  very  ineffective  as 
against  pupae,  a  considerable  proportion  being  able  to  complete  their  develop- 
ment and  successfully  emerge  as  adults.  Its  effect  on  submerged  eggs  or  the 
larvae  hatching  from  them  is  negligible. 

Soft  Soap. — I  in  8,000  is  practically  useless.  It  kills  only  a  small 
proportion  of  the  active  larvte  and  pupae  and  has  no  effect  on  the  eggs  or 
young  larvai  that  emerge  from  them. 

Naphthalene. —  i  in  8,000  is  not  effective  as  against  pupae,  but  (in  a  covered 
pan)  kills  all  adults  that  emerged  within  24  hours  and  about  50  per  cent,  of 
those  emerging  on  the  second  day.  With  a  few  exceptions  it  is  fatal  to  all 
larvffi,  those  emerging  from  eggs  as  well  as  those  present  from  the  start,  for  a 
period  of  48  hours. 


Experimetit  N'o.  LI. 
Sequel  to  Expetimejit  N^o.  L. 

After  8  days. 

P. — The  few  resistant  larvre  of  those  put  in  continued  to  live,  while  the 
young  larv£e  that  hatched  from  the  eggs  grew  and  thrived  so  far  as  a  rather 
short  allowance  of  food  would  allow  them. 

■5  gram  of  flake  naphthalene  was  sprinkled  over  the  surface  of  the  water 
and  the  cheese  cloth  cover  removed.  \\'ithin  24  hours  the  great  majority 
were  either  dead  or  dying. 

A  few  survivors  were  still  living  after  48  hours,  when  a  further  gram  of 
flake  naphthalene  was  sprinkled  on  the  water,  the  pan  remaining  uncovered. 

Although  the  numbers  living  when  this  additional  quantity  of  naphthalene 
was  added  were  reduced  a  few  of  the  larvae  survived  and  pupated. 

S.S. — Upon  the  conclusion  of  the  48  hours'  test  theie  were  a  considerable 
number  of  pup^e  and  well  grown  larva;  present  in  addition  to  the  swarms  of 
young  ones  that  had  emerged  from  the  eggs.     Food  (dead  grasshoppers)  was 
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placed  in  the  tin  and  anodier  "5  gram  of  soft  soap  added,  bringing  soap 
content  up  to  i  in  4,000.  'J'his  addition  had  no  apparent  effect  in  reducing 
the  numbers  after  48  hours  ;  the  young  larva;  had  grown  and  some  of  the 
older  ones  had  pupated. 

The  addition  of  another  gram  brought  the  soap  content  up  to  i  in  2,000. 
72  hours  later  observation  showed  that  the  increase  was  partially  effectual. 
Adults  emerged  from  the  pups  and  some  of  the  better  grown  larvae  weie  still 
active,  but  the  great  proportion  of  the  young  larvce  were  dead,  although  a  few 
which  had  reached  the  third  skin  survived. 

A  third  gram  of  soft  soap  was  added  (3  in  4,000).  This  also  proved  after 
48  hours  to  be  only  partially  effectual,  living  larva;  and  pupae  being  still 
present.  24  hours  after  the  addition  of  a  fourth  gram  (i  in  1,000  strength) 
all  the  survivors  were  dead.  A  fresh  batch  of  larvre  and  pupje  were  added, 
and  these  also  were  all  killed  within  24  hours. 

Of  a  further  batch  which  were  placed  in  the  pan  some  survived  until  the 
second  day,  but  all  were  dead  after  72  hours. 

]\'aphthale?ie. — In  addition  to  the  trial  with  the  surviving  larvae  of  /'.,  in 
Experiment  No.  L.,  as  above  recounted,  a  few  of  the  older  larvae  which  had 
survived  the  48  hours'  trial  at  i  in  8,000  naphthalene  were  living,  together 
with  a  number  of  young  ones  which  had  hatched  out  a  day  or  two  later 
when  the  effects  of  the  naphthalene  had  passed  off.  A  gram  of  naphthalene 
was  sprinkled  on  the  surface  of  the  water  to  try  the  effect  of  i  in  4,000 
without  the  cover  to  the  pan  :  most  of  the  young  larv^  were  quickly  killed 
off,  but  a  few  survived. 

\\"\\\\  a  covered  pan  i  in  4,000,  however,  proved  effective,  all  the  larva;  and 
pupa;  or  the  adults  emerging  from  them  being  killed. 

Conclusion  arising  fro.m  thk  Sequel. 

Soft  Soap. — At  less  strength  than  i  in  a  1,000  soft  soap  is  not  an  effective 
larvicide,  but  at  this  concentration  it  is  decidedly  superior  to  petroleum  and 
is  more  lasting  in  its  effects.     Its  effectiveness,  however,  gradually  ebbs. 

Naphthalene. — At  i  in  4,000  (i  gram  to  80  square  inches)  kills  all  larvae 
and  pupa;  or  the  adults  emerging  from  pupae  in  a  pan  with  a  cheese  cloth 
cover.     It  is  not,  however,  totallv  effective  if  the  cover  is  removed. 


E.xperimeiit  No.  LII. 
Third  Trial. 

EFFECTIVENESS  .  OF  PETROLEUM  AND  SOFT  SOAP,  AND 
PETROLEUM,  SOFT  SOAP  AND  NAPHTHALENE  IN  EMUL- 
SIFIED FORM  AS  COMPARED  WITH  PETROLEUM  ALONE 
TO  DESTROY  LARV.F:  AND  PUP^E. 

The  emulsions  used  were  constituted  as  follows  : — Petroleum  and  soft  soap. 
3  parts  soft  soap  melted  by  heat  in  15  parts  of  water  :  100  parts  of  petroleum 
added  very  gradually  with  much  stirring  and  shaking  while  the  soft  soap  was 
still  hot. 
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Petroleum,  Soft  Soap  and  Naphthalene. — 4  parts  soft  soap  melted  in  20 
parts  of  water.  15  grams  of  naphthalene  was  gradually  added  to  100  cc.  of 
petroleum  (this  appears  to  be  the  saturation  limit  at  80^  F.).  The  petroleum 
with  the  naphthalene  in  solution  was  then  added  very  gradually,  with  much 
stirring  and  shaking,  to  the  hot  soft  soap  solution. 

In  practice  it  was  found  best  to  dilute  the  small  quantities  of  emulsions 
used  with  a  little  water  before  adding  it  to  the  pans  which  contained  the 
larvae  and  pupje. 

Tests. — These  were  conducted  in  cleaned  empty  petroleum  tins  cut  down 
to  six  inches  in  depth  ;  the  surface  area  was  approximately  80  square  inches 
and  the  water  contents  4,000  cc.     Tins  with  cheese  cloth  covers. 

Period  20  hours. 

(i)  Petroleum.- -\  in  4.000  killed  7  pupa;  and  37  larv;e.      1  pupa  survived 
and  an  adult  emerged  but  died. 

P.  S.S.  emulsion. —  i  in  8,000  killed  all,   11  pupae  and  31  larvre. 

P..,  N.  and  S.S.  emulsion. —  i  in  8,000  killed  all,  14  pupK  and  47  larvae. 

(2)  Petroleum. — i  in  8,000. 

After  20  hours   3  adults  emerged   and  died,    5   pup;e  and  3  larv;e 

living,  40  larvae  dead. 
After  48  hours  3  more  adults  emerged,    i  living,  2  dead  :   1  pupa 

living,    I  pupa  and  3  larv;ie  dead. 

1'.  S.S.  emulsion. — i  in  16,000. 

After  20  hours  1  adult  emerged  and  died;  8  pupae  dead; 
62  larvae  dead  ;  1  larva  just  capable  of  movement,  but  unable 
to  leave  the  surface  ;  was  dead  next  morning. 

y-".,  X.  and  S.S.  emulsion.-  i  in  16,000. 

xVfter  20  hours  10  pup^^  dead;  36  larvae  dead;  i  larva  just 
capable  of  movement,  Ijut  unable  to  leave  the  surface  ;  was  dead 
next  morning. 

(3)  P.  S.S.  etnulsion. —  i  in  20,000. 

After  20  hours  23  pupae  dead;  27  larvae  dead;  3  pupae  and 
5  larvae  swim  freely ;  2  larvae  make  feeble  movement,  but 
cannot  leave  the  surface. 

After  40  hours'  5  pups  and  i  larva  survive  and  are  active. 

P.,  N.  and  S.S.  emulsion. —  i  in  20,000. 

After  20  hours  3  adults  emerged  and  died  ;  20  pupae  and  29  larvK 
dead;  i  pupa  living;  4  larvae  make  feeble  movement,  but  can- 
not leave  the  surface. 

After  40  hours  all  the  survivors  dead. 

A  second  trial  with  P.,  N.  and  S.S.  at  i  in  8,000  killed  all  the  larvae  and 
pupae  put  in  the  same  day,  and  rendered  a  second  batch  put  into  the  same 
tin  on  the  following  day  incapable  of  active  movement  within  one  hour,  but 
two  or  three  of  this  second  batch  of  larvae  survived  until  the  next  day. 
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Conclusion. 

Petroleum,  soft  soap  and  naphthalene  when  blended  together  in  emul- 
sified form  are  much  more  effective  and  economical  in  use  than  when  used 
separately. 

P.  and  S.S.  eiiiulsion  killed  all  at    i  in  16,000  and  a  lari^^e  proportion  at 
I  in  20,000. 

/'. ,  N.  and  S.S.  emulsion  killed  all  at  1  in  20,000. 

E.xperiment  No,   LIU. 

EFFECT    OF    PETROLEUM    AND    .SOFT   SOAP    EMULSION   ON 
THE    ECJGS    OF   STEGOMYIA    FASCIATA. 


This  test  was  not  carried  out  at  the  same  time  as  the  larval  and  pupal 
trials,  but  several  months  later. 

Petroleum  and  soft  soap  emulsion  used,  i  in  8,000  dilution. 

Eggs  laid  not  more  than  three  weeks  and  dried  about  a  week  previously. 

After  22   hours. 

144  out  of  156  eggs  had  hatched  (=92  per  cent.),  2  larva;  showed  feeble 
movement,  and  the  rest  were  dead. 

I  2  unhatched  eggs  transferred  to  tap  water. 

Transferred  Eggs. — 6  hatched  next  day,  the  larvae  lived. 
Remaining  eggs  opened  on  the  ninth  day. 
3  living  larvae  and  2  dead  ones  extracted. 
Remaining  egg  infertile. 

Control. — A  portion  of  the  same  batch  of  eggs,  196  in  number,  was  placed 
in  tap  water. 

81  hatched  (=41  per  cent.),  i  larva  died. 

Recently-laid  eggs  that  had  been  kept  moist  were  also  tested  in  a  separate 
pan  : — 

36  out  of  42  hatched  in  22  hours  (=  85  per  cent.)  and  died. 

6  unhatched  eggs  were  transferred  to  tap  water. 

All  6  of  the  transferred  eggs  hatched  next  day  ;  the  larva;  lived. 

A  batch  of  eggs  that  had  been  stored  dry  for  4  months  was  submerged 
in  the  same  diluted  emulsion,   i   in  8,000. 

Out  of  51  eggs,  some  of  which  showed  signs  of  shrinkage,  6  hatched 
within  22  hours  and  2  uncapped,  but  the  still  living  larvae  had  not  emerged 
at  the  time  of  observation.  The  remaining  eggs  were  removed  to  tap 
water.    The  larvae  which  emerged  in  the  emulsion  all  died. 
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After  trcDisfcreihc  to    Tap    JJ'a/cr. 

Next  day  6  eggs    uncapped  : — 2   larvfe  out,   making  feeble  movements. 

2       ,,      „    ,  dead. 

2  larva;  failed  to  get  free  of  shells. 
2nd  day  2   hatched: — i   dead,    1   living. 
3rd     „     5  M  3^2       „ 

4th     „     5  ,,  4       „       I       „ 

5th  „         4  ,,  ^  M  3  !. 

6th     „     4         ,,  All  dead. 

On  the  gth  day  the  unhatched  eggs  were  opened.  i  living  larva  was 
extracted  ;    all  the  other  eggs  contained  either  dead  larvae  or  were  infertile. 

Conclusion. 

Submergence  in  petroleum-sofL  soap  emulsion  (i  in  8,000)  is  not 
effective  in  killing  larvte  within  the  eggs,  though  it  is  possibly  the  cause 
of  some  mortality.  It  is,  however,  effective  in  that  it  induces  a  high 
percentage  of  the  less  resistant  eggs  to  hatch  at  once,  when  tlie  young 
larvae  are  killed. 
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XI. -EFFECT  OF  SALTWATER  (FROM    FREETOWN   HARBOUR)  ON 
THE  EGGS,   LARViE  AND   PUP^  OF  STEGOMY/A  FASCIATA. 

In  their  conception  these  experiments  were  complementar)-  to 
those  performed  b\-  Macfie  191 3-14)  with  common  salt  ("  A  Note  on 
the  action  of  Common  Salt  Water  on  the  Larvae  Sft\(^oi/ivia  fasciata^'' 
"  Bulletin  of  Entomological  Research,"  Vol.  I\^.,  Ft.  4,  pages  339-344, 
by  Dr.  J.  \V.  Scott  Macfie,  M.A.,  M.B.,  Ch.B.,  West  African 
Medical  Staff),  their  purpose  being  to  test  the  effect  of  salt  water 
on   the  eggs,  a  point   Dr.    Macfie  did   not  deal   with, 

Experime7it  A'o.  LIV. 
EFFECT  ON  EGGS,   LARV.^i  AND   PUP-F  CONTRASTED. 

Preliminary. — A  large  l)atch  of  several  hundred  eggs  laid  two  months 
previously  was  divided  :  half  were  put  into  water  taken  from  the  harbour 
and  half  into  tap  water. 

A  number  of  active  larvre  and  pup^e  from  the  breeding  pans  were  also 
put  into  the  salt  water.     Temperature  80     F. 

The  first  eggs  to  hatch  were  some  of  those  in  the  salt  water  (within 
15  minutes  of  immersion),  those  in  the  tap  water  commenced  a  few  minutes 
later.  None  of  the  larvre  which  hatched  from  the  eggs  placed  in  salt  water 
survived  more  than  an  hour. 

After  16  hours. — All  the  active  larvfe  placed  in  the  salt  water  were 
dead.  From  the  pup^e  many  adults  had  emerged  and  were  living ;  the 
remaining  pupae  were  all  living  and  successfully  completed  their  development. 

Eggs. — Two  or  three  hundred  had  hatched,  the  number  of  \^x\?i  which 
had  emerged  being  larger  in  the  salt  than  in  the  tap  water.  In  the  salt 
water  all  were  dead,  in  the  tap  water  all  were  living.  After  48  hours  a 
careful  examination  showed  that  of  the  eggs  placed  in  salt  water  all  had 
hatched  save  a  few,  which  subsequent  dissection  showed  contained  dead 
larvae. 

Of  the  portion  of  the  batch  of  eggs  placed  in  tap  water  many  were 
unhatched.     Larvre  continued  to  hatch  from  the  eggs  at  intervals. 

Experiment  No.  L  V. 

TRIALS    WITH    EGGS    ONLY. 

Sa/t  water  from  the  harbour  was  filtered  and  170  cc.  placed  into 
each  of  two  beakers,  D  and  Af. 

U 
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Controls. — 170  cc.  of  tap  water  was  placed  in  each  of  two  beakers 
Dc.  and  Mc. 

Eggs  dry  \  laid  on  filter  paper  a  month  previously  and  stored  dry.  The 
slip  of  paper  was  divided  and  one  portion  with  102  eggs  on  it  placed 
in   Z>.,   the  other,  with   106  eggs  on  it,  placed  in  Dc. 

Eggs  kept  moist  ;  laid  a  month  previously  and  stored  under  conditions 
which  kept  the  filter  paper  on  which  they  were  laid  moist. 

The  slip  of  paper  was  divided,  a  portion  with  107  eggs  on  it  was 
placed  in  A/  and  the  other  with   95    on  it  was  placed  in  Mc. 

D.  102  rt'n'.— After  2   hours'  immersion    3    had    hatched;    larvK    dead. 

Microscopic  examination  showed  that  95  eggs  had  uncapped,  hut  2  larvae 
died  without  emerging.  Of  the  7  remaining  eggs  2  collap.sed  on  drying, 
5  retained  their  shape.  These  5  eggs  resisted  continued  immersion  in  tap 
water  for  20  days,  during  which  period  they  were  subjected  to  "cooling" 
on  five  occasions.  Dissection  showed  that  4  of  the  eggs  contained  fully 
developed  larvae,  2  of  which  were  living,  i  showed  no  movement  and  i 
showed  signs  of  decay. 

Total  hatched,  89  =  87  per  cent. 

Dc.  Tap  water  control. — -106  eggs  (a  portion  of  the  dry  batch  used  in  D). 
After    2  hours'  immersion  33  had  hatched  and  were  living. 

)'  '^  ^  11  11  '-  11  11  ))  )>  )) 

Microscopic  examination  showed  that  34  eggs  had  uncapped.  Of  the  72 
remaining  eggs  2  had  collapsed  while  immersed  and  2  more  collapsed  on 
drying.     68  were  re-immersed  in  tap  water. 

After   I   day    ...  ...  .  .  ...  2   hatched. 

I 

I 

4 

II  ,, 

18 

4 
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50  per  cent,  of  salt  water  was  then  added  to  the  tap  water  in  the  pan. 
The  same  day  i   hatched  larva  lived. 
After    6     days   2  ,,         larv?e     ,, 

11       '"      ))  a  11  11  11 

All  the  remaining  eggs  were  dissected  and  5  living  larvae  were  extracted, 
the  remaining  1 1  eggs  contained  dead  larvae  or  were  infertile.  Total  hatched, 
81  per  cent. 

M.  107  Moist. — After  2  hours'  immersion  49  had  hatched — all  dead. 

5)     22  ,,  ,,  40       ,,  ,,  ,, 

Microscopic  examination  showed  that  98  had  uncapped  ;  3  larvae  had  died 
without  emerging.  5  eggs  had  collapsed  while  in  the  water,  i  collapsed  on 
drying.     3  retained  their  shape. 
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i63 

These  4  eggs  were  then  immersed  in  tap  water. 

After  I   day  i   hatched,  and  the  larva  lived. 

Dissection  showed  that  the  collapsed  egg  was   infertile.     Total    hatched, 
98  =  92  per  cent. 

A/c.  Tap  wafer  Co?ifro/. — 95  eggs  (a  portion  of  the  moist  batch  used  in  J/). 
After  2   hours'  immersion    25  had  hatched  living. 

Microscopic    examination    showed    that    27    had    uncapped,    S   eggs   had 

collapsed  while  in  water,  2  collapsed   on    drying,    58   retained  their  shape  and 

were  re-immersed  in  tap  water. 

After  I  day... 

8  days 


9 
16 

17 


2   hatched  livina;. 


5 
2 
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TOO  per  cent,  of  salt  water  was  then  added  to  the  tap  water  in  the  pan. 
The  same  day    i    hatched  and  died. 
After   I T   days     i  ,,  „       ,, 

12      -,11  „  » 

All  the  remaining  eggs  were  dissected  and  found  to  contain  dead  larva;  or 
in  a  few  instances  were  infertile.     Total  hatched,  54  =  57  per  cent. 

All  the  eggs  were  cooled  on  the  7th,  8th,  9th,  15th  and  17th  days  after 
immersion. 


Experiment  No.  LJ'T. 
TRIALS    WITH    SPECIALLY    RESISTANT    EGGS 

A  large  batch  of  eggs,  which  had  been  laid  on  filter  paper  and  stored  dry 
for  two  months,  was  immersed  in  tap  water  for  five  days.  During  this  period 
several  hundreds  hatched.  From  among  the  resistant  unhatched  eggs  two 
lots,  each  of  100  full  eggs,  were  picked  out  with  a  wet  camel  hair  brush  and 
placed  on  wet  filter  paper.  The  slips  of  filter  paper  were  allowed  to  dry  and 
the  collapsed  eggs  were  removed,  one  of  the  slips  was  caught  up  by  a 
draught  during  this  operation  and  a  number  of  eggs  were  lost. 

'J'here  remained  65  full  eggs  on  the  one  paper  and  91  on  the  other. 
'  The  slip  with  91  eggs  on  it  was  submerged  in  salt  water,  .S".  ]]'.    That  with 
65  eggs  on  it  was  placed  in  tap  water  as  a  control. 

S.IV. — After  20  hours  33  had  hatched  and  died. 

Tap  Control. — After  20  hours  i  had  hatched  and  was  living. 

After  44  hours'  immersion  no  more  larvae  had  hatched.  The  slip  was 
removed  from  the  salt  water  and  placed  in  tap  water. 

M* 
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The  record  of  the  two  lots  is  as  under  : — 

Record  of  thk  Eggs  after  Removal  from  Salt  Water 
ON  THE  4TH  April. 


Lot. 


s.w 

(In  tap  water  after  44 
hours'  immersion  in  salt 
water.) 

Tap  Water  Control 


Date  of  hatching. 


6      6 


31 


13 


14 


15       1        2        2 


IS 


16 


18  I  19  !  20  i  23 


3     4 


25 


28 


30 


On  the  dates  marked  with  an  asterisk  the  pans  were  cooled  in  an  ice 
chest.  During  May  the  pans  were  placed  out  of  doors  at  night  ;  the  3rd 
and  9th  were  cool  nights. 

The  larvK  of  the  .S'. //'.  lot  which  hatched  out  on  the  4th  and  loth  of 
May  died  after  emerging. 

On  the  13th  May  the  remaining  unhatched  eggs  were  dissected.  9 
living  larv?e  were  extracted  from  the  5.  TV.  lot  and  5  living  larvae  from  the 
control  lot.     The  remaining  eggs  contained  dead  larvae  or  were  infertile. 

Summary  of  Result. 

Of  91  full  resistant  eggs  33  (  =  36  per  cent.)  hatched  in  response  to  20 
hours'  immersion  in  salt  water  (Harbour  water),  while  only  i  (  =  2  per  cent.) 
of  the  65  similar  control  eggs  placed  in  tap  water  hatched  during  the  same 
period. 

Subsequently,  of  the  balance  of  the  91  eggs,  on  removal  after  44  hours' 
iinmersion  in  salt  water  to  tap  water,  39  (  =  43  per  cent.),  hatched,  all  but 
two  of  the  larvae  living,  and  9  living  larvae  were  extracted  from  the  eggs 
39  days  after  their  removal  from  salt  water. 

Mortality,  10  =  11  per  cent. 

Of  the  control  eggs,  i  only  had  hatched  during  the  first  44  hours' 
immersion.  Subsequently,  58  ( =  89  per  cent.),  hatched  over  a  period  of 
39  days  mainly  in  response  to  cooling,  and  5  living  larvae  were  extracted 
from  the  egg. 

Mortality,    i   =   i   per  cent. 


The  effectiveness  of  salt  water  as  compared  with  fresh  in  causing 
eggs  to  hatch  and  killing  the  young  larvae  is  clearly  demonstrated 
by  these  experiments. 

The  last  experiment,  dealing  with  resistant  eggs,  greatly  modifies, 
however,  one's  views  as  to  the  practical  usefulness  of  salt  water  as 
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an  insecticide  for  the  destruction  of  eggs.  For  it  is  evident  that 
though  it  causes  the  immediate  hatching  and  destruction  of  recently 
laid  eggs,  a  considerable  proportion  of  resistant  eggs  that  have 
been  dry  for  a  long  time  are  not  affected  within  a  period  of  44 
hours,  and  that  the  larva;  contained  in  such  eggs  are  not  killed. 

For  coast  towns,  however,  salt  water,  if  the  expense  of 
pumping  were  not  too  heavy,  might  serve  as  a  very  valuable  flushing 
agent  for  gutters,  sewers  and  cess  pits  after  clearing".  It  would,  I 
am  informed,  probably  kill  an\'  Ankylostoine  eggs  with  which  it  came 
in  contact,  and  if  used  for  flushing  drainage  ditches  in  streets  and 
watering  roads,  would,  in  addition  to  its  services  in  reducing  the 
numbers  of  mosquito  and  Ankylostoine  eggs  effectually  prexent  the 
growth  of  weeds  on  road  side  spaces.  In  Freetown  the  clearing 
and  weeding  such  spaces  must  be  a  considerable  annual  cost. 

In  the  e\ent  of  the  use  of  salt  water  for  such  purposes,  it  should 
be  applied  lavishh%  in  the  light  of  the  foregoing  experiments,  at 
the  dose  of  the  rains  if  its  full  effecti\eness  for  the  destruction  of 
Ste(!^oniyia  eggs  is  to  be  obtained,  because  a  large  proportion  of 
the  eggs  laid  in  gutters  and  pools,  in  cuherts,  etc.,  will  not  attain 
their  full  powers  of  resistance  (resting  capabilities)  until  the  establish- 
ment of  the  dry  season  has  caused  the  evaporation  of  water  in 
moist  places  and  dried  the  eggs. 


Experiment  No.   L  I'll. 

TRIAL  TO  ASCERTAIN  IF  THE  STIMULUS  TO  HATCH 
EXERTED  BY  SALT  WATER  ON  THE  EGGS  OF 
STEGOMYIA  FASCIATA  IS  DUE  TO  ITS  SPECIFIC 
GRAVITY      OR     SOME      OTHER     CAUSE. 

In  the  absence  of  other  means  the  specific  gravity  of  filtered  sea  water 
from  the  Harbour  was  tested  with  a  urinometer  and  found  to  be  25°.  Loaf 
sugar  was  then  added  to  tap  water  until  the  solution  showed  the  same  specific 
gravity. 

200  cc.  of  the  salt  water,  200  cc.  of  the  sugar  solution,  and  200  cc.  of 
the  tap  water  were  placed  in  respective  beakers  referred  to  as  "  Salt," 
"  Sugar"  and  "Tap"  in  the  following  record. 

Two  batches  of  eggs  were  used:  (i)  laid  on  filter  paper  and  stored  dry 
for  3  months  j  (2)  eggs  that  had  been  laid  on  filter  paper  about  3  weeks  and 
had  been  kept  dry  for  10  days.  A  portion  of  both  batches  of  eggs  was 
placed  in  each  of  the  three  beakers.  The  temperature  of  the  fluids  just 
prior  to  the  immersion  of  the  eggs  was  85'  F. 
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The  number  of  eggs  put  into  the  beakers  was  : — 

"  Salt,"'   20  recent.  "  Sugar,"   28  recent. 

291  old.  322  old. 


311 


350 


"  Tap,"   20  recent. 
324  old. 

344 


Result. 


Lot. 

Number  of  daj-s  after  immersion  that 
hatching  occurred. 

Result  of  dissection  of  unhatched  eggs 
after  24  days'  immersion. 

I 

X55 

155 

2 
19 

3     4 

5 

I 
I 

6 

10 

12 

... 

16 

18 

I 

I 

22 

"  Salt," 
Living 
Dead 

Total    ... 

65 
65 

9 
9 

All     tlie     larviv,"    in    unhatched     eggs 
were  dead. 

250  out  of  31 1.     Moitalily  in  egg  stage, 
19  per  cent. 

All     the     larvie     in    unhatched     eggs 
were  dead. 

284  out  of  350.     Mortality  in  egg  stage, 
19  per  cent 

From  unhatched  eggs  — 

Recent,     2  living  larvae  extracted. 
Old,        33     „ 

266  hatched. 
35  extracted. 

"  Sugar." 
Living 
Dead 

Total    ... 

16 
8 

24 

52 
2 

54 

184 
184 

17 

I 

18 

I 
2 

3 

— ^ 

I 
I 

— 

— 

— 

"  Tap." 
Living 
Dead 

Total    ... 

i3« 
6 

144 

2 
2 

4 

18 
18 

2 
2 

18 

18 

4 
4 

6 
6 

I 
I 

I 
I 

3 
3 

25 
25 

301  out  of  344.     Mortality  in  egg  stage, 
-  12  per  cent. 

All  the  pans  containing  the  eggs  were  cooled  in  the  ice  chest  on  the  5th, 
6th,  loth,  i6th  and  22nd  days. 

This  result  suggests  that  the  efficacy  of  salt  water  in  inducing  the  eggs  to 
hatch  sooner  than  they  would  in  fresh  water  is  not  merely  a  ciuestion  of 
specific  gravity ;  if  reference  be  made  to  the  tests  of  the  effect  of  petroleum-soft 
soap  emulsion.  Experiment  No.  LIIL  i  in  8,000  dilution,  on  the  eggs  of 
^S'.  fasciata  (page  159),  we  find  much  the  same  phenomena  occurring.  It 
seems  probable  that  the  action  is  likely  to  be  related  to  the  penetrating 
properties  of  the  fluids  used,  possibly  the  ease  of  absorption  by  the  (colloid) 
substance  of  which  the  bosses  are  formed  is  the  crucial  factor. 

Immersion  in  the  salt  and  sugar  solution  seems  to  have  been  responsible 
for  an  increase  of  mortality  to  the  eggs,  apart  from  that  to  the  larvae  after 
hatching,  of  from  12  per  cent,  to  19  per  cent. — the  numbers  involved  being 
too  large  to  admit  of  the  explanation  of  the  7  per  cent,  increase  in  both  cases 
being  due  to  chance. 
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XII.— NOTE     RESPECTING     THE    SIZE    OF    MESH     FOR     NETTING 
REQUIRED     FOR    USE    AGAINST    STEGOMYIA     F  ASCI  ATA. 

The  wire  gauz.e  used  for  the  mosquito  house  had  a  mesh  of 
i6  X  i6  to  the  inch;  for  the  cages  12  x  12  to  the  inch  mesh  was 
used  ;  and  for  the  tubes,  used  to  test  the  length  of  Hfe  of  the  adults, 
the  mesh  was  14  x  14  to  the  inch.  A  supply  of  large  and  small 
mesh  cotton  netting  was  also  required  to  be  used  for  repairs,  covers 
to  breeding  pans,  temporary  cages,  sleeves,  etc.  No  definite  size 
of  mesh  had  been  specified.  Of  the  two  sizes  received  one  had  a 
mesh  of  10  X   13  to  the  inch,  and  the  other   11    x     1 5   to  the  inch. 

During  the  progress  of  the  research  it  was  found  that  a  few 
well -grown  (medium  to  large-sized)  specimens  of  6".  fascia fc7  and 
also  a  number  of  ^S".  s?igt'i/s  escaped  from  latge  cages,  where  they 
were  well  fed,  through  the  12  x  12  inch  mesh.  From  the  tubes, 
where  they  were  crowded,  and,  presumably,  more  anxious  to  escape, 
large  sized  specimens,  which  had  only  recently  emerged,  got  out  in 
considerable  numbers  through  14  x  14  to  the  inch  mesh.  In  order 
to  carr\-  out  the  tests  for  which  these  tubes  had  been  specially 
constructed,  it  was  found  necessar}-  to  remake  them  with  18  x  18 
to  the  inch  mesh. 

With  cotton  netting  it  was  found  that  the  mosquitoes,  bred  in 
pans  covered  with  that  having  the  smaller  sized  mesh  of  1 1  x  15 
to  the  inch,  easily  got  out,  presumabl}-  shortly  after  emergence, 
before  their  wings  and  limbs  were  fully  dry  ;  while  wild  specimens 
gained  entrance  through  the  coarser  netting,  having  10  X  13  mesh 
to  the  inch,  and  oviposited  in  some  of  the  experimental  pans. 

No  instances  of  escape  from  the  mosquito  house  through  the 
16  X  16  to  the  inch  mesh  were  discovered,  and,  as  the  mosquitoes  in 
it  were  reared  from  larva:?  that  had  ample  food  supplies  and 
consequently  were  large  sized  specimens,  it  is  probable  that  few,  if 
any,  escaped.  Even  for  small  specimens  escape  would  ha\e  been 
difficult,  owing  to  the  fact  that  large  numbers  of  spiders,  both  within 
and  without,  spun  webs  and  trailed  their  threads  over  the  wire  gauze, 
so  that,  had  this  been  of  an  even  larger  mesh,  it  would  soon  have 
been  rendered  mosquito-tight. 
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In  view  of  the  fact  that,  under  starved  conditions,  specimens  of 
.S.  fasciata  are  reared  of  Httle  more  than  half  the  size  of  the  normal 
insects,  the  advice  of  the  authorities  concerned  with  the  mosquito 
work  in  the  Panama  Canal  zone*  that  a  mesh  not  larger  than 
1 8  X  1 8  to  the  inch  should  be  used  in  relation  to  Yellow  Fever 
screening,  is  fully  justified  and  cannot  be  too  strongly  urged  upon  our 
own  authorities. 

It  may  be  of  interest  to  record  that  I  was  unable  to  get  from  any 
of  the  stores  in  Freetown  or  from  the  Public  Works  Department,  a 
supply  of  netting  of  less  than  I2  x  i6  to  the  inch,  though  I  was 
informed  by  one  of  the  stores  that  complete  made-up  nets  could  be 
supplied  in  the  smaller  mesh.f  Subsequently,  the  Hospital  authorities 
found  some  spare  20  X  20  to  the  inch  netting  which  they  had  in 
store. 

If  by  any  means  traders  could  be  induced  to  stock  nothing  of 
of  coarser  mesh  than  18  x  18  to  the  inch,  it  would  be  to  the 
general  welfare  of  the  inhabitants  in  situations  where  any  danger 
of  Yellow  Fever  epidemics  exists.  The  supplying  of  larger  mesh 
netting,  even  for  the  purpose  of  repairs,  is  to  be  deprecated. 


*  See  "Monograph  of  the  Mosquitoes  of  N.  America,  etc.,"  published  by  the  Carnegie 
Institute,  Vol.  I.,  pages  363  and   364. 

t  Many  of  the  nets  I  saw  in  actual  use,  including  those  at  the  Government  rest 
house,  were,  however,  of  larger  mesh. 
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XIII.-APPARATUS    AND    METHODS    EMPLOYED. 

Mosquito  House.     Plate  21,  page  96. 

This  was  designed  by  myself  at  the  suggestion  of  Lt.-Col.  Sir 
Ronald  Ross.  The  woodwork  was  of  unpainted  teak,  the  stiffening 
framework  of  galvanized  iron,  and  the  wire  gauze  for  the  panels  of 
phosphor-bronze.  After  eleven  months'  exposure  to  the  weather  at 
Freetown  it  was  in  perfect  condition  {see  Figs.  21  and  22,  pp  170 
and    171). 


Cages 


A  Mosquito  Cage. 


The  floor  boards  were  of  teak  with  stiffening  battens  of  galvanized 
iron,  into  which  the  legs  screwed.  The  upper  framework  was  of 
"  flat  oiled  "  pine.  In  the  case  of  the  cages  intended  for  "  infected  " 
mosquitoes,  the  panels  were  of  phosphor-bronze  wire  gauze.  It  was 
found  convenient  to  cover  this    with   thin  cotton  on  the  inner  side. 


I/O 


— f^^ 


Grcund 


y'2'  7h3*  /^arri. 


°"HH        /^vel 


Side  Elcvabx 


—  A/eJAod  of  aXJaching  Caii^e:    io  j^rxt-metfcir-h.  - 

Fig    21.     Plan  of  Mosquito  House. 
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,  73  _/a^/et^  over 

^r,f/cs  »^  OO^-.*^ 

/J|(r'./*r'.^', 

a'o' 

0 

1 

/ 

/ 

-^-jL 

J 

— Picbrt    on,    Eqp 

Fig.  22.     Plan  of  Mosquito  House. 
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For  "  uninfected  "  mosquitoes  only  the  front  panel,  supporting  the 
sleeve,  was  of  wire  gauze,  the  top  and  remaining  sides  being 
covered  with  cotton  only.  These  cages,  built  to  my  own  design, 
pro\-ed  to  be   very    serviceable    and    useful,    and    both    in    size    and 


rront     E  /cra^^/on 


—  Stc/e    £/&^^a^/or-) 


>^ 


Sra^s    Jc/WfcvJ 


PLAN- 


i_ 


3  Cacj'e^    .     .    uncovered/  J 
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Framed    of  /g-  /^  P/ne..  Morhced,  baf^om  <uJtf&s  tfrooi^ed 
fc  fit  on  teak  bo^^om . 

Boffom  of  1 2  fhicM  Teak    ffebafed  /o  faKe  jic/ej  4  ends. 
upp/iecf  for  fif^inq   totje/^er 


ffrojs  Scre^^ 


Phosphor  Bron-x& 


of  2G  S  yV-C ,  t^au^c   to  te  ffxed  to  inner  J/c/g    of  fram&s 
by  norrov^  botter/s,  or^  meta/  head  ^  Jorewed  t/o^/? 
Hasps,  e.y/etj  4  pad/octfs   yy/fh  3  keys  eac/>,  /»  be  fifted 
bacJ<  4  fronf  of  the  3  cohered   co</es  or?/y. 


Plan  oi'  Cage. 


construction  are  suitable  for  a  wide  range  of  insect  breeding. 
They  can  be  taken  down  in  a  few  minutes,  and  when  packed  flat 
take  up  a  minimum  of  room,  so  that  they  can  be  easily  transported. 

Pens. 

These  were  of  phosphor-bronze  wire  gauze,  supported  on  a  light 
galvanized  iron  frame.      Their  use  was   to  cover  stored   eggs,  pans 
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of  water  containing  larva?,  or    tubes    containing  adults  when  it   was 
desired  to  leave  these  exposed  in  the  open  air  (see  Fig.  24,  page  174). 


? 


P/a/e  No.    27. 

-Mosquito  Pen  and  wire  gauze  tube  for  testing"  length  of  life  of  adults  in  various 
situations.     Note  method  of  suspension  so  as  to  isolate  from   ants. 

JVi're  GiiHse   Tubes. 

These  were  of  wire  gauze  opening  at  either  end  [sec  Fig.  25, 
page  174)  ;  they  were  used  to  intern  adult  mosquitoes  to  test  their 
length  of  life,  and  were  also  used  to  protect  stored  eggs  from 
disturbance  by  small  animals  and  the  larger  insects  {see  Plates  Xos. 
27  and  28). 

Hurricane  Lamp  Chiinjiej's. 

These  can  be  converted  into  useful  little  cages  b}-  covering  the 
upper  opening  with  fine  gauze  and  putting  the  open  end  down  on 
a  pad  of  filter  paper  placed  in  a  tin  lid  {see  Plate  Xo.  2'^,  page  175). 

Methods. 

To  obtain  eggs. — The  method  mentioned  by  Christophers  and 
Stephens  (1908)  of  confining  females  in  inverted  screw-topped  jars  was 
found  to  answer  well  for  single  individuals.  With  Stegoniyia  fasciata 
and   ^".   sugens,  flooded  blotting   paper   in  the   cover   is   sufficient   to 
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Fig.  24.     Plan  cf  I^en. 
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Fk;.   25.     Plan  ok  Segregation  Tube. 
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iiirluce  oviposition,  but  unless  the  rim  of  the  jar  fits  quite  accurately 
minute  house  ants.  bclony,int;'  to  the  group  Lcptothorax,  ma\-  gain 
entrance  and  kill  the  mosquitoes.  If  an  accurate  record  of  the 
number  of  eggs  deposited  is  desired,  care  must  be  taken  to  search 
the  rim  of  the  jar  just  above  its  point  of  contact  with  the  blotting 
paper,  as  eggs  are   frequenth-  deposited  or  stranded  in  this  position. 


Plate   .\o.    28. 

Small  Cage  made  from  a  hurricane  lamp  chimney,  also  method  of  arranging 
wire  gauze  tube  over  jar  containing  pup;t  in  order  to  a\oid  \\aste  of  time 
in  transferring"  adults. 


For  Stegoinyia  simpsoiii  and  ^\  Intcocephala  some  larger  and  more 
elaborate  arrangement  of  a  small  pool  was  generally  needed  before 
the  females  could  be  induced  to  lay,  and  the  latter  species  seems 
to  greatly  prefer  ovipositing  on  or  in  close  proximity  to  a  surface 
of  wet  wood. 
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When  eggs  are  required  in  numbers  it  is  best  to  keep  a  number  of 
mosquitoes  of  both  sexes  in  a  large  cage.  A  convenient  method 
of  collecting  the  eggs  of  Stegomyia  under  these  circumstances  is  to 
place  a  pan  of  water  in  the  cage  with  slips  of  filter  or  blotting  paper 
arranged  so  that  one  end  dips  into  the  water  and  the  other  is  turned 
back  over  the  edge  of  the  pan  ;  by  adopting  this  method  the  eggs 
can  easily  be  removed  and  counted  without  disturbing  them.  The 
water  in  the  pans  should  be  allowed  to  slowl}-  evaporate,  so  that  the 
eggs  are  left  above  water  level,  and  do  not  hatch  as  would  be  the 
case  if  the  pans  were  re-filled.  If  eggs  laid  on  a  wooden  surface 
are  required,  the  sides  of  a  willow  chip  box  answer  excellently, 
as  the  wood  is  absorbent  and  of  light  colour,  and  its  curvature  is 
retained  sufficiently  to  allow  of  its  standing  upright  upon  its  edge 
in   a  shallow  pan  of  water. 


Fig.  26. 


Hafclihig. — To  test  the  hatching  capacity  of  eggs  laid   by  separate 
females    or    different   batches    of  eggs    laid   b}'    a    single    individual 
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requires  daily  observations,  which  ma\-  have  to  be  continued  for  weeks 
together,  and  necessarily  consume  a  great  deal  of  time.  If  it  is  desired 
to  submit  the  eggs  to  identical  conditions  the  different  batches  will 
have  to  be  kept  separated  from  each  other  in  the  same  pan  of  water. 
Two  methods  of  fulfilling  these  conditions  were  emplo}'ed.  In  the 
first  the  eggs  were  careful!}-  submerged  in  small  glass  sporulating 
dishes,  which  were  in  their  turn  placed  at  the  bottom  of  a  large  pan 
of  water.  It  was  found  necessar\'  to  check  the  number  of  lar\TE 
captured  in  the  pan  each  da}-  against  the  number  of  empt}"  q^^ 
shells,  and  to  do  this  the  sporulating  dishes  had  to  be  taken  out 
of  the  pan  for  examination  under  a  low-power  microscope  and 
replaced. 


Plate  No.  2g. 

Floatini^-  Docks.      Method  of  testing  the  hatching  of  different   batches    of   ^%g'i 
under  identical  conditions. 


Objections  to  this  method  were  (i)  that  the  eggs  had  to  be 
completely  submerged,  and  it  has  been  stated,  b\'  Goeldi  (see 
Carnegie  Monograph,  "  Mosquitoes  of  North  America,"  page  282),  that 
continued  submergence  kills  the  o.'g'g'^.  Death  rate  from  this  cause 
is  not  b}'  any  means  obvious  in  some  of  the  experiments,  but 
where  aiiy  mortalit}-  at  all  has  occurred,  it  is  impossible  to  prove 
a  negative.  (2)  Great  care  had  to  be  taken  in  removing  and 
X 
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returning  the  small  dishes  to  the  large  pan,  in  order  to  avoid 
scattering  the  eggs  and  mixing  them.  (3)  The  gradual  accumulation 
of  dirt  and  organic  growth  tended  to  obscure  a  free  view  of  the 
eggs  after  two  or  three  weeks'  immersion. 

An  alternate  method  was  devised  of  keeping  the  eggs  in  small 
floating  docks  (see  Plate  No.  29,  page  177)  with  a  fine  gauze  bottom 
made  as  follows.  The  top  is  taken  out  of  the  lid  of  a  willow  chip  box, 
and  the  hoop  is  used  to  stretch  a  piece  of  motor  veil  (silk  if  possible) 
over  the  top  of  the  box.  Thread  is  wound  round  to  prevent  the 
box  from  coming  to  pieces  when  the  water  melts  the  glue  with  which 
it  is  fastened  together.  The  bottom  of  the  box  is  removed  by 
soaking  it  in  water,  and  three  cork  floats  are  pinned  on  to  the  sides 
at  the  le\'el   at  which  the  dock  is   required  to  float. 
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Fig.  27.     Plan  and  Elevation  of  Floating  Docks. 


By  adopting  this  plan  examination  is  facilitated,  the  necessity  of 
submerging  the  eggs  is  avoided,  and  a  great  saving  of  time  is 
effected,  as  the  sinking  of  floating  eggs  is  a  tedious  process.  Its 
defects  are  that  with  long  continued  use  the  gauze  rots  and  the  wood 
and  cork  become  water-logged  and  lose  their  bouyancy.  The  saving 
of  time  is  so  great,  however,  that  the  plan  is  strongly  to  be  recom- 
mended in  all  cases  where  it  is  not  necessary  to  carry  the  hatching 
test  to  its  ultimate  conclusion  of  waiting  until  every  single  egg  has 
had  a  complete  chance  of  hatching.  In  most  cases  it  is  practical  to 
close  the  experiment  at  a  definite  date  and  open  the  remaining  eggs 
to  see  if  they  are  dead  or  contain   living  larvai. 
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Methods  icith  larvcc. — For  sorting  out  and  transferring  newl}' 
hatched  larvs  a  pipette  with  a  rubber  teat  affords  an  obvious  and 
speedy  method.  It  ma\'  also  be  used  for  larger  larwt  and  pupa;, 
but  care  must  be  taken  with  the  latter  that  the  aperture  is 
sufficientl}-  large,  otherwise  they  are  easily  injured. 

When  counting  or  catching  newly  hatched  larvai  in  a  glass  dish, 
the  use  of  a  black  card  or  paper  placed  beneath  it  is  helpful  and,  if 
the  dish  is  supported  above  instead  of  resting  on  the  black 
surface  it  renders  observation  still  easier.  With  older  larv;t,  that 
have  fed,  a  pale  background  is  just  as  effective,  owing  to  the  dark 
colouration  of  the  contents  of  the  alimentary  canal. 

Larva;  and,  to  a  less  marked  extent,  pup?e  of  Stego7iivia  always 
avoid  light ;  advantage  ma}'  be  taken  of  this  when  they  are  in  a  glass 
receptacle  to  make  them  collect  in  a  corner  or  to  one  side  for  the 
purpose  of  rapid  capture. 

Breeding  pans  should  not  be  [placed  in  the  sun  or  a  strong  light, 
otherwise  the\'  develop  a  growth  of  green  alga;  which  appears  to  be 
detrimental,  possibh'  b}-  wa)-  of  cc^npetition,  to  the  development  of 
the  insects.* 

If  it  is  desired  to  breed  Stegouiyia  fasciata  free  of  gregarine 
parasites  care  must  be  taken  to  collect  the  eggs  with  a  camelhair 
brush  as  soon  after  laying  as  possible  and  transfer  them  to  clean  filter 
paper.  It  is  probable,  if  the  sporocysts  are  voided  b}-  the  females  as 
suggested  by  Ross,  that  the  young  larvae  may  ingest  them  at  their 
first  meal  immediately  after  hatching. 

Breeding  pans  in  large  cages  containing  a  number  of  insects, 
especiall)'  when  their  numbers  are  recruited  from  several  sources,  are 
almost  certain  to  become  infected  in  a  short  time,  and  will  remain 
permanently  infected  unless  frequently  cleaned. 

For  rearing  the  larvae  almost  any  sort  of  organic  matter  put  into 
the  breeding  pans  will  serve,  though  care  should  be  taken  to  thoroughly 
adjust  the  quantit}-  to  the  size  of  the  pan  and  numbers  of  the  larvae. 
Any  sort  of  grain,  dead  insects,  faeces  of  animals,  fallen  leaves, 
or  other  vegetable  refuse,  blood  clots,  etc.,  have  all  given  good  results. 

Methods  zvith  adults. — To  obtain  a  prompt  supply  of  adults,  dark 
coloured  pupae  should  be  selected  for  preference,  as  the  darkening 
signifies  that  the  adult  is  nearl}'  read}-  to  emerge.  To  avoid  waste 
of  time  in  catching  and  boxing  or  caging  mosquitoes  for  experiment, 
it  pays  to  capture  and  segregate  pupae  in  jars  of  such  size  that  an  easy 

*  Experiments  now  in  progress  suggest  another  possibility,  i.e.,  that  strong  light  or 
sunshine  checks  the  growth  of  bacteria. 
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junction  between  the  box  or  small  cage  and  the  rim  of  the  jar 
with  a  slip  of  paper  is  possible  {see  Plate  No.  28,  page  175).  One  of 
the  advantages  obtained,  apart  from  the  saving  of  time,  is  that  the  age 
of  the  specimens  is  accurately  known  to  within  a  few  hours. 

For  infection  experiments  the  clipping  of  one  or  both  the  wings  is 
a  reasonable  precaution.  To  do  this  it  is  necessary  to  use  chloroform 
ether  or  some  other  vapour  to  stupify  the  insects.  Under  cool 
conditions,  temperature  up  to  65^  F.,  ether  causes  a  lower  death  rate 
than  chloroform,  but  with  a  temperature  of  80°  F.  chloroform  answers 
best.  After  the  operation  it  is  well  to  place  the  insects  in  a  warm 
incubator  up  to  blood  heat,  or,  failing  this,  in  a  strong  draught,  as  this 
expedites  their  recovery  and  lowers  the  mortality  resulting  from  the 
use  of  the  vapour. 

In  dissecting  infected  mosquitoes  which  prove  refractory  to  the 
usual  methods  of  manipulation,  a  dissecting  needle  ground  to  a 
triangular  section  ma}^  be  run  up  between  the  body  wall  and  the 
internal  organs  from  anus  to  head.  Another  needle  is  then  drawn 
along  one  of  the  sharpened  angles,  thus  slitting  the  insect 
longitudinall}'.  With  a  little  practice  the  gut  and  stomach  of  insects, 
which  have  recently  gorged  themselves  with  blood,  may  be  extracted 
without  rupture  in  this  wa)\  The  method  is  also  applicable  and  very 
useful  when  making  dissections  of  any  small  grub  like  insect  larvae — 
one  of  its  advantages  being  that  the  skin  can  be  spread  out  flat  and 
mounted  independently  so  that  its  external  surface  with  spines,  setae, 
tubercles  and  spiracular  openings  can  be  examined  with  care. 
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XIV.— SUMMARY. 


MOSQUITOES  AT  FREETOWN. 

/. — Iittrodiictory  Xotes, 

Judged  by  sight  or  feeling  mosquitoes  are  scarce  in  Freetown, 
and  though  a  round  witli  one  of  the  Inspectors  of  the  Sanitary 
Department  ma\-  correct  this  view  in  so  far  as  the  larval  stage  is 
concerned,  the  increase  in  numbers  of  both  larva;  and  their  breeding- 
places  outside  the  town  area  afforts  eloquent  testimony  to  the 
efficiency  of  the  Sanitar\-  Administration. 

Within  the  central  area  the  larvit  of  Stegomyia  fasciata  take 
precedence,  followed  b\-  those  of  Culiciomyia  uebiilosa,  which  species 
appears  a  spasmodic  breeder  in  comparison  with  the  persistency  of 
.S".  fasciata.  Culcx  dccciis  is  also  not  uncommon.  J^".  siinpsoni  breeds 
in  water  in  the  axils  of  the  leaves  of  plants  growing  within  the  town, 
as  do  also  UranotcEnia  oniatus  and  Eretuwpodites  draacn-cv. 
S.  luteocepliala^  Ochlerotatns  apicoaiiniilatus.,  0.  uiiiuilus,  O.  kncartJirins, 
Eretmopodites  qiiinquevittatns  and  Ciilcx  nigripes  are  also  occasional 
breeders  within  the  town  area.  Of  the  species  of  AnopJuies^  a  few 
larvit  of  {Pyj-etophonis)  costalis  ovAy  were  taken  in  the  town,  but  in 
the  surrounding  district  this  species  breeds  freel}-,  being  frequently 
present  in  rock  pools  with  swarms  of  vS.  sugiv/s.  The  breeding 
places  of  {Myzomyia)  fiiiirst/is  are  extensive  areas  of  shallow 
trickling    swamps    lying    east  and  west  of  the  town.        .;•,.. 

//. — Bio>io lilies  of  Stegomyia  faseiata.      -    ;    .  _.  ■,.,■;■    • 

(A.)  Eggs.  -        ■  " 

{a.)  Shape  and  struct  lire. — The  dark  spindle-shaped  eggs  of  S. 
fasciata  vary  considerably  in  shape  and  size,  affording  specimens 
which  approximate  closely  in  general  appearance  to  those  of  the 
allied  vS.  siigens,  S.  liiieocephala  and  5.  siinpsoni,  all  of  which  differ 
appreciably  among  themselves. 

The  bosses  with  which  the  eggs  are  studded  are  not  mere 
structural  excrescences  of  the  shell,  but  are  pockets  containing 
small   masses  of  a  substance  which,  unlike  chitin,  is  readily  stained 
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by  hjematoxylin  ;  these  bosses  are  possibly  connected  with  the 
ability  which  the  eggs  seem  to  possess  of  replacing  moisture  lost 
through  desiccation. 

{b.)  Laying. — If  actually  laid  on  the  water  surface  they  are 
usually  deposited  so  close  to  the  margin  as  to  become  stranded  by 
capillary  action  on  the  sides  of  the  pools,  or  on  partially  sub- 
merged objects,  such  as  dead  leaves,  lying  in  it.  In  many  instances 
eggs  were  laid  on  wet  surfaces  quite  be}'oncl  the  limit  of  capillary 
action, 

(c.)  H(xichi)ig  nini  the  conditions  zv/iich  cojitrol  it.  Expeyi)ncnts 
I.  to  XVIII. — Incubation  seems  to  invariabl}-  follow  laying  within 
30  to  40  hours,  at  the  Freetown  temperature,  but  the  hatching  of 
any  given  batch  may  be  distributed  o\er  a  lengthy  period. 
Apparently  the  eggs  are  endowed  with  a  complex  constitution, 
which  allows  of  the  whole  of  a  batch  hatching  together,  so  soon 
as  they  are  placed  in  water,  or  of  a  scattered  emergence  of  the 
larva;  consistent  with  the  view  that  some  internal  machinery  which 
produces  zonal  or  sectional  hatching  has  been  called  into  action. 
Experiment  No.  XVIII.  suggests  that  the  latency  or  activity  of 
this  machinery  is  determined  by  the  conditions  of  humidity  or 
drought  which  prevail  after  incubation.  When  a  batch  of  dried 
eggs  is  placed  in  water  a  certain  proportion  generally  hatch 
within  a  few  minutes  or  hours,  but  others,  apparently  belonging 
to  the  same  hatching  zone,  may  resist  the  first  or  second  immersion, 
yielding  to  some  subsequent  one.  Similar  powers  of  resistance  will 
probably  be  shown  by  a  proportion  of  the  eggs  in  each  hatching 
zone  of  a  given  batch. 

After  a  series  of  experiments,  Nos.  IV.  to  XIII.,  in  which 
various  possible  factors  were  tested,  evidence  was  obtained  that 
cooling  to  the  extent  of  some  5  or  lo"  F.  acted  as  a  stimulus  to 
induce  the  hatching  of  eggs  that  would  otherwise  have  deferred 
doing  so  (Experiments  Nos.  XIV.  to  XVI.).  A  response  to  cooling 
accords  well  with  the  needs  of  the  species,  as  a  distributed  emergence 
of  larva;  so  arranged  allows  of  full  advantage  being  taken  of  the 
increased  facilities  afforded  for  breeding  in  small  and  rapidly  drying 
pools  with  the  advent  of  rain. 

Experivietit  No.  XIX. — Agitation  of  the  water,  mentioned  by 
Mitchell*  as  a  factor  in  the  hatching  of  eggs,  failed  to  give  any 
decisive  result. 

*  "  Mosquito  Life,"  page  26. 
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Bacterial  action  would  appear  also  to  be  an  important  factor  in 
hatching  and  in  some  instances  to  be  essential  {set  footnote  on  jjage  51). 

(<^.)  Period  of  viability.  Experiment  Xo.  XX. — The  period  during 
which  the  eggs  retain  their  viability^  would  seem  to  be  to  some 
extent  conditioned  b\-  temperature,  humidity  and  ventilation,  but, 
owing  to  the  destruction  of  stored  eggs  by  book-lice  {Psocidce) 
(Experiment  No.  XXII.),  no  adequate  statistical  evidence  on  this 
point  was  obtained.  The  longest  period  of  viability  was  262  days  ; 
in  another  test  large  numbers  hatched  after  200  days'  dry  storage. 
When  kept  continually  immersed  some  eggs  did  not  hatch  for  periods 
of  from  two  to  five  months.  (Experiments  Nos.  V.,  VI.  and  \^II. 
show  examples). 

[e.)  Temperatures  whieii  tJic  eggs  are  able  to  survive.  Experiment 
No.  XXI. — Eggs  brought  back  from  Freetown  and  those  laid  in 
England  hatched  after  exposure  to  28'  F.  and  30  F.  for  24  hours, 
but  none  hatched  after  an  exposure  of  25  days.  24  to  28  hours  at 
96"  F.  did  not  greatly,  if  at  all,  affect  the  percentage  hatching  at 
Freetown.  In  the  experiment  carried  out  at  the  Lister  Institute  there 
was  a  marked  difference  in  the  hatching  percentage  of  Freetown  eggs 
and  those  laid  in  London  after  exposure  to  96  F.  A  few  hatched 
after  24  hours'  exposure  to  102^  F,,  but  all  the  eggs  of  a  batch  placed 
at  108'  F.  for  24  hours  failed. 

(/)  Enemies  of  eggs.  Experiment  Xo.  XX 11. — The  only  actixe 
enem}-  discovered  was  a  species  of  book-lice  {Psoeidcc)  which  wrought 
immense  havoc  among  the  stocks  of  stored  eggs.  Ants,  considering 
the  untiring  activity  of  their  search  for  the  smallest  particle  of  food, 
seemed  strangely  indifferent  to  the  eggs. 

{B)  Larv.k  and  Pup.e. 

The  larval  period  is  conditioned  by  temperature  and  food,  breeding 
tests  dealing  with  the  latter  factor  only  were  practicable  at  Freetown, 
although  some  trials  concerning  the  survival  limits  in  regard  to 
temperature  were  carried  out. 

{a.)  Experiments  Nos.  XXIII.  to  XX]\—h  very  wide  range 
of  organic  matter  will  serve  as  food  for  the  larvae  of  S.  fasciata, 
and  the  water  ma}-  be  so  heavily  charged  as  to  become  foul  and  thick, 
without  harming  the  larvae,  so  long  as  it  remains  free  of  scum, 
floatinsf  oil  or  fat. 
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{b.)  Period  of  larval  life. —  Under  the  most  favourable  circumstances 
the  larval  life  is  passed  within  four  days  ;  on  the  other  hand,  with  a 
scarcity  of  food,  it  is  prolonged  for  upwards  of  70  days.  In  tap  water 
of  average  purity  the  larvae  are  unable  to  pass  the  first  moult  apart 
from  added  nutriment,  but  they  continue  to  mark  time  until  the 
death  of  their  fellows  enables  a  few  to  complete  their  development. 
Probably,  in  an  uncovered  breeding  pool  the  fall  of  organic  dust 
would  be  sufficient  to  afford  food  for  a  fair  number  of  larvae. 

(r.)  Small  adults  reared  from  starved  larvce. — Shortage  of  food 
results  in  the  production  of  small  sized  adults — a  somewhat  important 
point  on  the  practical  side.  Well-covered  cleanly  cisterns  therefore 
require  covers  of  specially  small  mesh  wire  gauze  (not  less  than 
18  X  18),  there  being  always  a  danger  that  eggs  will  be  washed  in 
from  gutters  during  rain.   . 

(^.)  Interaction  betiveen  laj'val  growth  and  the  development  of 
bacteria.  Experiments  Nos.  XXVII.  and  XXVIII. — Experiments 
show  an  apparent  association  between  the  speed  of  larval  growth  and 
the  development  of  bacteria.  The  scarcity  of  bacteria  in  the  gut  of 
larvae  taken  from  water  swarming  with  these  organisms  is  probably 
evidence  of  the  speed  with  which  bacteria  are  assimilated,  as  it  seems 
improbable  that,  by  the  use  of  the  mouth  brushes,  or  any  other 
means,  the  larva:;  could  avoid  swallowing  them.  The  marked  clearing 
action  of  mosquito  larva;  in  foul  water  affords  a  parallel  instance  of 
interaction  between  them  and  the  bacteria,  although  this  might  be  a 
secondary  effect  due  to  the  absorption  of  organic  matter  by  the  larvce, 
and  not  the  ingestion  of  the  bacteria.  Experiment  No.  XXVIII. 
affords  evidence  of  this  interaction,  and  shows  that,  when  two 
similarly  stocked  beakers  were  prepared,  in  one  of  which  bacterial 
action  was  given  four  days'  start  of  the  larva.-,  the  bacteria  absorbed 
nutriment,  which,  even  in  the  event  of  the  larva;  devouring  them, 
could  not  be  regained. 

{e.)  Temperature  which  the  larvce  and  pupce  are  able  to  survive. 
Experiment  No.  XXX. — Larval  growth  and  pupal  development 
proceeded  normal!}-  in  a  large  tin  exposed  to  full  sunlight — the 
temperature  of  the  water  rising  to  103"  on  one  occasion.  Trials  with 
larvae  and  pup^e  taken  from  this  tin  showed  that  the  upper  limit  of 
temperature  they  could  survive  lay  between  112'  F.  and  115'  F.  As 
regards  cold,  pup^e  reared  at  So '  F.  remained  active  at  50"'  F.,  but 
about  half  the  larvae  '.ubmitted  to  the  test  became  stiff  and  immobile 
at    this    temperature,     quite    irrespective    of    size.       With    a    further 
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reduction  to  40'  F.  all  the  larva;  became  immobile  at  the  bottom, 
while  the  pupas,  with  two  exceptions,  also  lost  all  power  of  movement, 
but  remained  at  the  top.  Both  larvrX  and  pupai  recovered  when  the 
temperature  was  allowed  to  rise,  but  there  was  a  mortality  of  6  out 
of  40  larvK  and  2  out  of  24  pupze  submitted  to  the  test. 

( f.)  Survival  of  larvce  and  pupce  ivhen  subvierged.  Experiment 
No.  XXIX. — 183  larvae  and  40  pupae  were  submerged  in  a  wire 
gauze  tube  of  18  x  18  mesh  for  20  hours;  8  per  cent,  of  the  pupae 
and  27  per  cent,  of  the  larvae  survived. 

{g.)  Survival  of  larvce  on  zvet  filter  paper. — Two  larvae  in  their 
fourth  skins  were  stranded  on  a  piece  of  filter  paper  which  was  kept 
continually  wet ;  one  lived   3  and  the  other   10  days. 

(//.)  Enemies  of  the  larvce.  Experiment  Xo.  XXXII. — As  pointed 
out  by  MacGregor,*  the  larger  larvae  of  5.  fasciata  apparently  con- 
sume the  smaller  ones  ;  mortality  from  this  source  seems  to  be  limited 
to  larvae  undergoing  the  first  moult  being  ingested  by  those  in  their 
fourth  instar.  The  habit  of  breeding  in  small  collections  of  water, 
while  saving  the  species  from  the  attacks  of  many  enemies,  enhances 
the  danger  of  fratricide,  but  the  species  is  safeguarded  from  this  risk 
to  a  considerable  extent  by  the  intermittent  hatching  of  the  eggs. 
Tadpoles,  as  stated  hy  several  authorities,  certainly  do  not  attack 
well-grown  mosquito  larvae,  though  they  probably  have  a  checking 
influence,  o\\'ing  to  competition  for  food.  It  seems  possible,  how- 
ever, that  the  small  larvae  undergoing  their  first  moult,  might  be 
engulfed  by  tadpoles  with  other  food.  A  small  water-bug,  found  in 
rock  pools,  attacks  the  larvae  of  ^S".  s//gens,  and  probably  other  species 
as  well,  but  it  was  never  seen  in  sufficient  numbers  to  be  a  serious 
check.  A  species  of  Ostraeoda,  belonging  to  the  genus  Cjprii,  seems 
to  be  inimical  to  mosquito  larva;,  apparently  as  a  competitor  for  food. 

(C.J    Adults. 

{a.)  Pairing-  and  feeding. — In  captivity  there  seems  to  be  no 
regular  precedence  either  of  pairing  or  feeding  ;  both  functions  are 
practised  at  an}-  hour  of  the  da}'  or  night — late  afternoon  being  perhaps 
most  favoured.  The  act  of  pairing  commences  during  flight  and 
occupies  only  a  few  moments,  but  is  possibly  repeated  at  frequent 
intervals.  A  single  male  is  able  to  impregnate  10  females  more  or 
less  effectually,  and  to  fertilize  750  eggs  (Experiments  Nos.  XLVL 
and  XLVII}.' 

*  "Journal    of    Tropical    Medicine    and    Hygiene,"    No.    17,    Vol.   XVTII,    1st   Sept., 
1 91 5,  page   195. 
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(d.)  Development  of  eggs.  On  a  single  meal  of  blood  and  also  on 
blood  other  than  human. — In  feeding  satiety  is  evidently  aimed  at, 
and  an  interrupted  meal  is  completed  as  speedily  as  possible  ;  a 
perspiring  skin  attracts  more  readily  than  a  dry  one.  A  single  full 
meal  of  blood  is  sufficient  for  Qgg  production  in  many  cases,  possibly 
for  all,  though  the  eggs  are  sometimes  retained  for  many  days.  The 
blood  of  rats,  dogs,  goats  and  bandicoots  seems  just  as  effective  for 
the  development  of  the  ovaries  as  human  blood,  but  blood  taken  up 
from  a  living  host  seems  to  be  a  practical,  though  not  a  theoretical, 
necessity.  Fed  on  blood  mixed  with  syrup.  Experiments  Nos.  XLI V. 
and  XL  V. — A  single  fertile  egg  was  laid  when  the  only  food  given 
was  blood  from  a  sheep  mixed  with  syrup. 

{c.)  Feeding  in  relation  to  egg  layijig. — Females  with  ripe  ovaries 
usually  refuse  to  feed  until  they  have  deposited  the  bulk  of  their 
eggs,  when  they  feed  greedily.  Females  in  their  period  of  greatest 
vigour  tend  to  develop  and  lay  their  eggs  in  masses  at  about  three- 
day  intervals,  feeding  on  the  first  and  second  da\'s  after  depositing 
their  eggs,  and  fasting  while  the  ovaries  are  full  ;  Experiment 
No.  IX.  and  the  Appendix  to  Experiment  No.  XLVI.  are  typical 
instances.  The  female  used  in  the  latter  experiment  laid  837  eggs 
in  twelve  batches,  exclusive  of  odd  eggs,  while  the  former,  in  22 
days,  laid  712  eggs  in  fifteen  batches. 

{d)  Rete)ition  of  eggs. —  Fertilized  females  that  have  only  received 
a  single  meal  of  blood  may  retain  their  eggs  for  a  considerable 
period  before  laying  them  ;  Experiment  Xos.  XLI.  and  XLII.  show 
examples, 

(^.)  CJioice  of  situation  for  depositing  eggs. — Tests  showed  that 
the  widely-held  opinion  that  the  kitchen  and  boys'  quarters  are  the 
most  likely  situations  to  look  for  J5.  fasciata  was  in  the  main  correct, 
but  it  seems  questionable  if  the  preference  is  not  as  much  due  to 
the  likelihood  of  there  being  foul  water  present,  as  to  the  chance  of 
feeding  on  the  boys.  No  eggs  were  ever  deposited  in  a  jar  of  clean 
water  kept  in  the  boys'  bedroom. 

In  the  mosquito  house  a  wooden  tub  or  tin  pans  were  favoured 
as  against  a  galvanized  iron  pail;   Experiment  No.  XXXIII. 

{f.")  Baits  to  attract  pregjiant  females. — Experiment  No.  XXXIV. 
affords  evidence  \\hich  seems  fairh-  conclusive  of  some  selection  b}- 
the  females,  but  it  was  by  no  means  final,  and  is  as  suggestive  of 
subordination  to  their  own  tastes  as  to  the  needs  of  their  progeny. 
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(^.)  Eggs  not  laid  apart  from  ivet  surfaces.  Experiment 
No.  XLIII. — Fertilized  females  regularh'  fed  on  human  blood 
would  not  oviposit  when  no  wet  surface  or  water  was  available. 

(//.)  Length  of  adult  life.  Experiment  Xos.  XXXW  to  XL. — 
The  longest  lived  specimen  was  the  female  used  in  Experiment 
No.  IX.,  which  was  killed  by  ants  after  95  days.  The  longest 
lived  male  life  was  50  days,  in  Experiment  No.  XXXVII.  Average 
lives  of  29  days  for  males  and  44  days  for  females  are  shown  in 
Experiment  No,  XXXVIII.,  the  specimens  being  fed  on  syrup  and 
kept  in  a  still  and,  for  Freetown,  not  very  moist  atmosphere. 
Specimens  kept  in  wire  gauze  tubes  give  very  much  lower  averages, 
and  no  evidence  was  obtained  that  5.  fasciata  can  habitually,  or 
is  likely,  save  under  very  exceptional  circumstances,  to  tide  over  the 
dry  season  in  the  adult  stage. 

(/.)  Enemies  in  the  adult  stage.  Experiment  Xo.  XL  VIIL — ■ 
Owing  to  its  retiring  habits,  S.  fasciata  probably  suffers  more  from 
wingless  than  winged  foes  once  it  has  gained  entrance  to  a  dwelling. 
Ants  proved  themselves  to  be  deadly  foes  to  caged  mosquitoes ; 
two  species  of  spiders,  one  a  small  web  spinner,  the  other  larger, 
spinning  no  regular  web,  practicalh^  lived  on  ^.  fasciata  in  the 
mosquito  house,  and  a  small  flattened  scorpion  was  also  discovered, 
which  ate  large  numbers  when  confined  in  the  same  box  with  it. 
Young  mantidce  were  also  found  to  capture  and  devour  them.  Ants, 
spiders  and,  perhaps,  the  scorpion  are  probabl\-  serious  enemies 
even  to  active,  unconfined  specimens  ;  the  continual  waving  of  the 
raised  hind  legs  of  the  resting  insects  is,  I  suspect,  a  measure  of 
preparedness  to  avoid  attack  by  wingless  foes. 

A  slender  wall-haunting  lizard  quickly  cleared  a  large  cage  of 
5.  fasciata  and  probabh'  acts  as  a  salutar\-  check  to  their  increase, 

///. — Parasites. 

The  only  parasites  encountered  were  a  gregarine  Lankesteria 
culicis  Wenyon  and  a  species  of  yeast. 

IV. —Sterility  of  the  Pupal  Gut. 

Experiments  carried  out  in  collaboration  with  Dr.  G.  G.  Butler, 
although  not  conclusive,  point  to  the  probability  of  the  sterilit}-  of  the 
pupal  gut,  in  so  far  as  infection  by  bacteria  is  concerned. 


1 88 

V. — Notes  relating  to  the  Life  History  of  some  Related  and 
Associated  Species. 

S.  siigens. — The  eggs  are  similar  in  structure  and  hatching 
habits  to  those  of  .S".  fasciata — cooling  acting  as  a  stimulus  ;  larvae 
are  quite  as  rapid  in  development ;  pupation  may  occur  within  three 
days  of  hatching.  The  adults  have  many  traits  which  suggest  that 
their  habits  are  more  primitive  than  those  of  S.  fasciata,  which 
shows  the  characteristic  laxness  which  seems  so  frequently  to  follow 
the  close  association  of  animals  with  man. 

S.  sinipsoni. — Captive  females  fed  heavily  on  human  blood,  but 
showed  a  decided  preference  for  feeding  at  night.  No  pairings 
were  seen,  nor  were  any  fertile  eggs  laid.  The  breeding  of  specimens 
from  a  collection  of  dry  leaves  taken  in  a  water-hole  proves  that 
the  species  is  able  to  resist  drought,  and  is  undoubtedly  fitted  to 
pass  the  dry  season  in  the  Q'gg  stage. 

S.  luteocephala. — The  remarks  made  in  reference  to  5.  simpsoni 
are  generally  applicable  to  this  species.  Only  infertile  eggs  were 
obtained,  but  the  insects  showed  a  decided  preference  for  ovipositing 
on  wood.     The  lar\-a:  show  some  ability  to  survi\e  among  wet  leaves. 

Ochlerotatus  apicoannulatus. — This  species  is  also  fitted  to  survive 
drought  in  the  egg  stage  ;  the  females  bite  readily  and  occasionally 
fill  themselves  with  human  blood.  Pairing  was  never  witnessed, 
nor  were  any  eggs  laid. 

0.  minntus. — Females  of  this  species  bit  frequently  and  occasion- 
ally fed  well  on  human  blood.     No  eggs  were  obtained. 

Uranotccnia  ornatus. — Reared  from  lar\-;e  could  not  be  induced 
to  feed  at  all,  and   sur\-ived  for  less  than  two  da}-s. 

Eretniopodites  qitinquevittatus. — The  females  of  this  and  other 
species  of  the  genus  occasionally  feed  greedily  on  human  blood. 
Pairing  took  place  in  a  very  small  cage.  The  eggs  are  laid  in 
twos  and  threes  and  vary  greatly  in  size,  being  usually  much  larger 
than  those  of  Stegomyia.  Some  cement  appeared  to  be  used  to 
attach  them  just  at  or  below  water  level.  P'ertile  eggs  failed  to 
survive  drying,  but  others  of  the  same  batch,  which  were  kept  in 
water,  duly  hatched.  The  larvie  are  of  the  Stegomyia  pattern,  but 
are  even  more  slender  in  build,  and  in  habit  are  confirmed  bottom 
feeders.  The  fourth  skin  larva  retains  the  habit  of  browsing  on 
the  sides  and  bottom  of  the  breeding  pan  that  is  characteristic  of 
young  larvae  of  .S".  fasciata.  . 
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VI. — Ei^-^s  laid  on  fallcjt  leaves  in  zvater-holes. 

Eggs  are  laid  on  fallen  leaves  h'ing  in  water-holes.  The 
following  species  were  bred  from  leaves  taken  from  an  empty 
water-hole  in  January  and  immersed  in   March  : — 

233    specimens    of   S.    fasciata  \     24    of    S.    sinipsoni  \     81     of 
S.  liiteoeepliala,  and    14   OcJilenUatus  apicoanniilatus. 

VII. — Meteorological  coinlitions  as  affecting  breedijig  and  distribution. 

The  early  tornadoes  which  herald  the  breaking  of  the  dry 
season  begin  as  dry  squalls  with  but  little  rain,  and  would  afford 
an  efificient  means  of  bringing  mosquitoes  from  the  outlying  districts 
into  Freetown  ;  this  would  apply  especialh'  to  the  Anopheles 
mosquitoes.  At  the  onset  of  the  rains  breeding  is  necessarih' 
restricted  to  a  few  pools  in  favourable  situations  ;  later  these  will 
be  rendered  untenable,  but  the  insects  reared  in  them  will  distribute 
and  find  other  smaller  and  more  numerous  pools  available  as  the 
showers  increase  in  number  and  intensity.  The  small  number  of 
places  available  for  carK'  breeding  should  make  it  possible  to 
schedule  and  treat  them  at  short  and  regular  intervals  at  the  very 
commencement  of  the  rains,  even  if  outside  the  bounds  of  the 
regular  sanitar}-  district.  '  , 

VIII. — Experiments  dealing  tvith  the  destruction  of  S.  fasciata. 
Experiments  Nos.  XLIX.,  LI.,  LIE,  LI  1 1. 

Naphthalene  at  i  in  4,000,  under  the  conditions  of  Experiment 
No.  LI.  is  an  effective  larvicide  ;  at  i  in  8,000  it  is  more  effective 
than  petroleum,  but  allows  of  a  few  survi\-ors.  Soft  soap,  at  less 
strength  than    i    in    i  ,000,  is  not  an  effective  larvicide. 

Emulsions  of  soft  soap  and  petroleum  are  far  more  effective 
larvicides  than  either  of  them  used  separately,  killing  all  larvae  and 
pupffi  at  I  in  16,000  (water  temperature  about  80  ,  experimental 
pans  covered  with  cheese  cloth).  V\\th.  naphthalene  added  to  the 
emulsion  it  was  equally  effective  at   i    in  20,000. 

As  against  submerged  eggs  petroleum  and  soft  soap  emulsion 
at  I  in  8,000  is  not  effective  in  killing  the  larva;  within  the  eggs. 
It  has  the  result,  however,  of  inducing  a  high  percentage  of  the 
less  resistant  eggs  to  hatch  at  once,  when  the  young  larvae  are 
killed. 
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IX. — Effect  of  salt  water  on  larvcB,  piipc^  and  eggs  of  S.  fasciafa. 
Expert niejits  Nos.  LIV.  to  L  VII. 

Salt  water  (from  Freetown  Harbour)  speedily  kills  the  larvae  of 
S.  fasciata  but  does  not  destroy  the  pupae. 

As  against  the  eggs,  though  it  does  not  destroy  them,  it 
causes  a  high  percentage  of  the  less  resistant  ones  to  hatch  at  once 
and  a  considerable  percentage  of  the  specially  resistant.  The 
young  larvcTe,  after  hatching,  are  speedily  killed  b}^  it.  The 
use  of  salt  water  for  flushing  culverts  and  gutters  and  \\'atering 
roads  might,  if  practicable,  prove  very  beneficial.  The  effect  of  salt 
water  as  a  stimulus  to  hatching  appears  to  be  unconnected  with 
its  specific  gravity  ;  a  solution  of  sugar  of  the  same  specific  gravity 
gave  different  results  and  both  differed  from  the  tap  water  control. 
Both  solutions,  however,  were  apparentl}'  responsible  for  a  mortality 
of  7  per  cent, 

X. — Sirjc  of  the  MesJi  of  Xetting  for  use  against  S.  fasciata. 

Adults  can  get  through  10x13  cotton  netting;  the}'  also  pass 
II  X  15  of  the  same  material,  and  14  x  14  wire  gauze.  No 
evidence  of  normal  specimens  escaping  through  16  x  16  wire 
gauze  occurred,  but  there  is  little  doubt  that  the  dwarf  specimens 
caused  by  scarcity  of  food  could  do  so.  As  suggested  by  the 
authorities  of  the  Panama  Canal  Zone,  for  safet\'  a  mesh  of  not  less 
than   18x18  should  be  used, 

XI. — Methods  and  Apparatus. 

This  section  deals  with  the  apparatus  used  in  this  research,  and 
the  methods  adopted  in  carrying  outbreeding  and  other  experiments. 
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YELLOW     FEVER    COMMISSION 
(WEST    AFRICA). 


CORRESPONDENCE  RELATING  TO  THE  POSSIBILITY  OF  THE 
INTRODUCTION  OF  YELLOW  FEVER  BY  LAND  INTO 
SIERRA     LEONE. 

At  an  early  stage  in  this  enquiry  the  Yellow  Fe\er  (West  Africa) 
Commission  thought  it  desirable  to  obtain  some  information  in  regard 
to  the  possibility  of  the  introduction  of  Yellow  Fever  in  the  ordinar}^ 
course  of  overland  trade  between  Sierra  Leone  and  the  neighbouring 
Dependencies.     The  following  w^as  received  in  repl\-  : — 

SIERRA     LEONE. 

THE    GOVERNOR    TO    THE    SECRETARY    OF   STATE. 

(Received   28th  July,   191 3.) 

Government   House,  Sierra  Leone, 

\6tJi  July,   1913- 
Sir, 

In  accordance  with  your  instructions,  I  have  the  honour  to 
transmit  a  report  on  the  chief  land  routes  for  traffic  coming  into 
Sierra  Leone  from  the  surrounding  French  and  Liberian  territories, 
accompanied   by  a  sketch  map. 

I  ma}'  mention  that  the  report  and  sketch  map  have  been 
compiled  by  the  Officer  Commanding  the  Sierra  Leone  Battalion, 
West  African  Frontier  Force,*  from  the  several  reports  and  sketch 
maps  furnished  by  the  District    Commissioners  in  the  Protectorate. 

I   have,  «&c., 

E.    AL    MEREWETHEK, 

Governor. 

*  The  late  Major  (temporary  Lieutenant -Colonel)  G.   P.   Newstead,  Suffolk  Regiment. 
O 
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Report    on    Principal    Trade    Routes    coming    into 

Sierra    Leone    from    French    Guinea    and 

Liberia   adjoining. 

The  routes  are  numbered  from  West  to  East  from  i  to  12, 
corresponding  with  those  shown  on  the  accompanying  sketch  map. 

No.  I.  From  Maurikania  and  Mellakori.  Enters  the  Protec- 
torate at  Mislaia,  thence  to  Kaseri,  by  canoe  to  Balu,  by  road  to 
Yongre,  and  thence  by  canoe  to  Freetown. 

Trade  chiefly  cattle  for  cash  and  rice. 

No.   2.     From  Massaia  and   Mola. — Through    Kambia,   Alange, 
Port  Lokko  and   Magbile  into  the  Ronietta  District. 
Trade  chiefly  cattle  for  cash. 

No.  3.  From  Kindia. — Enters  the  Protectorate  at  Kukuna  and 
passes  thence 

id)  to  Batkanu  ; 

(/;)  to  Kambia,   Mange,  and   Port   Lokko  ; 

(f)  to  Mabanta  and   Port  Lokko. 
Trade  chiefly  cattle  for  kola  nuts. 

No.  4.     From  Medina. — Enters  the  Protectorate  at  Saionia  and 
follows  road  to  Batkanu  via  Yana  and  passes  through 
{a)   Samaya  and   Laminaya  ; 
•  ib)   Samaya,  Sassa,  and  Wonkifu  ; 
{c)   Kamakuia  and   Kamalu. 
A    considerable    trade    is    done    on    these    routes   in    cattle    for 
kola  nuts. 

No.  5.  From  Serumba. — Direct  to  Yana  and  thence  through 
Kamalu  to  Batkanu, 

Trade  as  in   Numbers  3  and  4. 

No.  6.     From   Mamon. — Through  Kalia  to  Kaballa  and  thence 
{(X)   through   Karema  to  Port  Lokko.     This  is  the  direct  road, 

good  road,  and  much  used  ; 
{b)  through    Mabonto    to    Boia    Extension    Railhead.     Much 

used  ; 
[c]  through    Kruto    and    Kay i ma  to  the    Mendi    country  and 
large  towns  on  the  Eastern  Section  of  the  Railway. 
Trade  chiefly  cattle  and  other  produce. 
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No.  7.  From  Farana. — Enters  the  Protectorate  near  Herema- 
kona  and  proceeds  thence  to 

(a)  Kaballa  and  on  to  Port  Lokko  as  in  6  (a)  ; 

{b)  Kaballa  and  on  to  Boia  Extension  Railhead  as  in  6  {b)  ; 

{c)  Krubum  and  Kayima,  thence  to  Mendi  country  as  in  6  {c). 

Farana  is  a  large  administrative  post.  The  road  from  here 
to  Kaballa  is  kept  well  open  and  much  trade  passes. 

No.  8.  From  Sarafinian.  Passes  to  Krubum  and  thence  to 
Boia  Extension   Railhead  2'ur  Kruto. 

This  road  is  difficult  and  hilly  in  places  and  is  not  extensively 
used. 

No.  9.     From  French  Kissi. — Enters  the  Protectorate  at  Kami- 
endo  and  passes  through  Loma  to  the  Railway  at 
{a)  Segbwema  via  Bendu  ; 
{b)  Pendembu  I'ui  Komatendu. 

There  is  also  a  subsidiary  road  from  Korumba  joining  at 
jNIanawa. 

No.  10.  From  Gekedu  (French  Kissi). — Crosses  the  Moa  River 
into  the  Protectorate  near  Turadu  and  passes  via  Kailahun  to 
Pendembu  and  Baiima.  Largely  used  by  the  Upper  Kissi, 
Sangaras,  &c.  from   French  Guinea. 

Trade   chiefly  cattle   and  produce  for  cash,  goods  and  utensils. 

No.  II.  P'rom  Lankorri  Districts  (Liberian). — Enters  the  Pro- 
tectorate through  Dambarra  and  passes  thence  via  Dodo  and  Giema 
to  Pendembu. 

The  trade  consists  of  palm  kernels,  &c.,  for  cloths  and  goods. 

No.  12.  From  Bandi  country. — Through  Kolahun  and  Foya 
(Liberia).  Strikes  the  main  road  through  Dodo  and  Giema  to 
Pendembu  and  Baiima.     Extensively  used. 

Trade  chiefly  produce  for  goods. 

No.  13.  From  South  of  the  Mauwa  Ri\er  (Liberia). — Enters 
through  Kebawana  (Liberian  Customs  station)  and  passes  through 
Barriwalla  to  Baiima. 

Trade  as  in   No.    12. 

No.  14.  From  Barcla}'  Gene  to  British  Gene.  The  country 
between  routes  13  and  14  consists  chiefly  of  dense  forest-clad  hills, 
practically  uninhabited,  and  there  are  no  routes  carrying  any  con- 
siderable traffic. 

South    of    route    No.    14  the    trade  with  Liberia  would  appear 
to  be  carried  chiefly  by|sea. 
r 


196 


YELLOW    FEVER    COMMISSION 
(WEST    AFRICA). 


CORRESPONDENCE  RELATING  TO  THE  POSSIBILITY  OF  THE 
INTRODUCTION  OF  YELLOW  FEVER  BY  LAND  INTO 
THE  GOLD  COAST. 

At  an  early  stage  in  this  enquiry  the  Yellow  Fever  (West  Africa) 
Commission  thought  it  desirable  to  obtain  some  information  in  regard 
to  the  possibility  of  the  introduction  of  Yellow  Fever  in  the  ordinary 
course  of  overland  trade  between  the  Gold  ("oast  and  the  neighbouring 
Dependencies.     The  following  were  received  in  reply  ; — 

GOLD   COAST. 

THE  GOVERNOR  TO  THE  SECRETARY  OF  STATE. 
(Received  nth  May,  1914.) 

Government  House,  Accra, 

2yd  April,  1914. 
Sir, 

I  have  the  honour  to  forward  herewith,  for  your  information, 
a  tabulated  statement  in  which  is  embodied  all  the  information  at 
my  disposal  on  the  subject  of  trade  routes  leading  into  this  Colony, 
and  two  copies  of  the  yT^rooToTTo  map*,  on  which  the  routes  in  question 
are  marked.  The  numbers  given  in  the  final  column  of  the  tabulated 
statement  correspond  with  the  numbers  marked  against  the  trade 
routes  shown  on  the  map. 

Similar  information  with  regard  to  the  trade  routes  leading  into 
Ashanti  and  the  Northern  Territories  is  being  collected,  and  will  be 
forwarded  to  vou  as  soon  as  it  is  received. 


I  have,  &c., 


HUGH  CLIFFORD, 

Governor. 


Map  A  of  the  Gold  Coast.  &c. 


UPPER      SENEGAL 


N      D  NICER 


MAP    A. 


trmjrn^iAun/  Seetum.  Otnarai  fi'Uttr  J 


GOLD  COAST,  ASHANTI. 

AN  O    

M)KrHERN  TERRITORIES. 

Illustrating  despatch  from  the  Governor  oF  the  Gold 
Coast  23*^  April  1914,  included  in  Vol.  lU.lnvestie 
tors'  Reports,  Yellow  Fever  litest  Africa)  Commi: 


Gvoffraptaail    See/ion.  Gmemi  -Stafr  S^iSC^- 


IniSlM  to  16  Milna  - 


W«/-  Omce  July  1311. 
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THE  GOVERNOR  TO  THE  SECRETARY  OF  STATE. 
(Received  28th  December,   1914.) 

Government  House,  Accra, 

5///  December,   191 4. 
Sir, 

I  have  the  honour  to  forward  herewith,  reports  from  the  Chief 
Commissioner  of  Ashanti  and  the  Chief  Commissioner  of  the 
Northern  Territories,  relating  to  the  trade  routes  leading  into  those 
Dependencies,  together  with  tabulated  statements  in  duplicate,  in 
which  is  embodied  all  the  information  at  my  disposal  on  the  subject. 
I  also  enclose  one  copy  of  the  i,ooo,o(mi  map,*  on  which  the  routes  in 
question  have  been  marked.  The  numbers  given  in  the  first 
column  of  the  statements  correspond  with  the  numbers  marked 
against  the  trade  routes  shown  on  the  map. 

I  have,  &c., 

HUGH  CLIFFORD, 

Governor. 

{^Enclosure  i.] 

Chief  Commissioner's  Office,  Coomassie,  Ashanti, 

5///   October,   1914. 
Sir, 

In  reply  to  your  letter  of  the  i6th  June  last,  I  have  the 
honour  to  forward  a  report  on  the  principal  trade-routes  into  Ashanti. 

I  have,  &c., 

F.  C.  Fuller, 

Chief  Connuissioner,  Ashanti. 

Report  on  Principal  Trade  Routes  coming  into  Ashanti. 

On  the  western  frontier  of  the  Northern  Province  of.  Ashanti 
there  appear  to  be  no  defined  routes. 

There  are  numerous  small  paths  crossing  the  frontier.  The 
trade  consists  of  farm  produce  grown  in   Banda  territory. 

In  the  Western  Province  there  are  three  main  routes  : — 

N'o.  I  U^.,  through  Bonduku  from  Kong  and  Haut  Senegal  et 
Niger,  enters  near  Sikasiko.  Trade  :  chiefly  cattle,  hide  and  kola, 
and  some  native  cloths. 

No.  2  IV.,  a  continuation  of  route  No.  i  W.  from  Bonduku, 
enters  Ashanti  near  Goresua  and  joins  No  i.  (branch  3)  at  Pulliano. 
Trade  :  cattle  and  rubber. 


Map  B  of  the  Gold  Coast,   etc. 
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N^o.  3  W.,  from  the  southern  and  central  portions  of  Ivory- 
Coast,  enters  near  Pamo,  thence  to  Berekum,  where  it  joins  route 
I    (branch  2).     Trade  :  rubber. 

The  last  two  routes  are  httle  used  since  the  fall  in  price  of 
rubber.  When  the  Bibiani  Goldfields  were  working  there  was 
another  route  from  Pulliano,  through  Pamo  and  Kukuom  and 
Bibianaha  ;  should  they  re-open  this  route  would  become  important. 

In  addition,  there  are  numerous  small  paths  between  villages. 

From  Togoland. 

There  are  no  trade  routes  from  the  above  territory  ;  small 
local  traffic  exists  between  villages  across  the  river. 

All  the  remaining  trade  roads  lead  to  and  come  from  the 
Northern  Territories,  which  Dependency  will,  no  doubt,  furnish  a 
separate  report. 

[^Enclosure  2.] 

Chief  Commissioner's  Office,  Tamale, 

28///  September,   1914. 

I  have  the  honour  to  transmit,  under  separate  cover,  a  map 
with  the  principal  trade  routes  entering  this  Protectorate  from  the 
surrounding  foreign  territories  shown  thereon, 

I  transmit,  herewith,  a  report  on  these  trade  routes  tabulated 
as  requested.  The  routes,  as  will  be  seen,  are  somewhat  compHcated, 
for  the  main  roads  throw  oft'  many  branches,  which  sometimes  join 
other  main  routes,  These  are  evidently  used  to  avoid  congestion 
in  the  cattle  traffic,  and,  at  certain  times  of  year,  to  obtaiii  better 
pasturage  and  water  than  are  to  be  found  on  the  main  routes. 

While  recognizing  that  the  use  of  so  many  roads  by  traders 
entering  the  Northern  Territories  increases  considerabh-  the  chances 
of  infection  and  the  spread  of  disease,  it  appears  to  me  that,  until  the 
Government  is  prepared  to  provide,  at  the  various  halting  places, 
adequate  ^\■ater  and  possibly  food  supplies,  for  the  use  of  traders  and 
live  stock  passing  up  and  down  the  countr}%  it  cannot  well  restrict 
them  to  the  use  of  certain  routes — a  course  which  would  minimize 
the  risk  of  infection  of  local  natives  and  of  their  cattle. 

It  may  be  of  interest  to  record  my  experience  that  the  mosquitoes 
Stegomvia  fasciata  and  Anopheles  cos  talis  are  to  be  found  through- 
out the  Protectorate, 

During  my  recent  tour  I  caught  specimens  of  both  at  Lorha, 
and  during  this  month  in  my  house  at  Tamale.  The  "  tsetse  "  fly 
is  found  everywhere  in  the  vicinit}'  of  the  large  rivers. 
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I  attach  for  convenience  an  extract — "  Imports  and  Exports" — 
from  my  Annual  Report  on  this  Protectorate  for  191 3,*  to  be  read 
with  the  report  on  trade  routes. 

C,  H.  Armitage, 
Chief  CoiNi/iissiojier,  Northern   Territories. 

Imports  and  Exports. 

As  stated  in  previous  reports  on  this  Dependency,  it  is  impossible, 
under  present  conditions,  to  give  more  than  an  approximate  estimate 
of  the  volume  of  trade  entering  and  leaving  the  country.  Trade 
statistics  are  kept  at  stations  situated  on  the  main  trade  routes,  but, 
as  the  registration  of  live  stock  and  trade  goods  is  voluntary,  and  as 
many  caravans,  especially  those  composed  of  live  stock,  pass  through 
the  stations  during  the  night,  the  figures  given  can  be  looked  on  only 
as  an  indication  of  a  general  increase  or  decrease  in  trade,  as  the  case 
may  be.  The  trade  route  from  the  north  through  Daboya  to 
Kintampo,  and  others  of  minor  importance,  do  not  pass  through  any 
stations  where  statistics  can  be  collected,  nor  are  such  compiled  at 
Kintampo  in  Ashanti,  Imports  consist  generally  of  cotton  and 
woollen  goods,  silk  handkerchiefs  and  lengths,  hardware,  haber- 
dashery, beads,  brass  rods,  tobacco,  tinned  provisions,  and  kola  nuts 
from  Ashanti, 

With  the  exception  of  the  North-Western  Province,  where  a 
distinct  decrease  in  the  caravan  trade  in  cattle  and  moshi  cloth  is 
reported,  the  import  and  export  trade  has  increased  greatly  during  the 
year  under  review  ;  and  it  may  be  noted  that  the  falling  off  in  the 
North- Western  Province  is  more  than  compensated  for  by  the  largely 
increased  volume  of  trade  that  passes  through  the  North-I£astern 
Province,  particulars  of  which  will  be  given  later.  This  increase  is 
directly  due  to  the  subjugation  in  191 1  of  the  wild  tribes  which  held  the 
Tong  Hills  as  their  stronghold  and  terrorised  the  surrounding  country, 

A  broad  road  now  runs  through  Tinzugu  and  Winduri  in  the 
heart  of  the  Tong  Hills,  and  this  route  is  becoming  most  popular 
with  the  P'rench  traders. 

The  figures  available  show  a  total  of  310,699  loads  registered 
during  the  year,  as  against  229, 750^  registered  in  191 2  :  an  increase  of 
80,948!^  loads.  The  principal  increases  appear  under  the  following 
heads  : — 

Cattle    40,346,  sheep  40,345,  donkeys  9,087,  shea-butter 
5,855-^,  dawa-dawa  2,128,  and  native  blankets    1,837,   while 

*  [Cd.  7050/47],   19th  August,   1914. 
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decreases  occur  under  "  miscellaneous  "  17,938^,  cloth  8,886^, 
donkey  loads  (miscellaneous)  7,810,  and  donkey  loads  (shea- 
butter)    1,856. 

The  large  increases  in  live  stock  are  due  to  the  failure  of  the 
crops  and  to  lack  of  water  in  the  area  of  Upper  Senegal  lying 
between  W'agadugu  and  Timbuctoo,  but,  when  the  railway  line 
now  in  course  of  construction  from  Dakar  taps  that  country,  we 
must  expect  a  diversion  of  the  trade,  and  a  heavy  fall  in  the  number 
of  animals  passing"  through  this  Dependency  to  Ashanti  and  the 
Colony.  In  view  of  the  fact  that  no  transport  facilities,  beyond 
the  excellent  main  roads,  are  available  for  the  natives,  and  that 
no  provision  for  such  is  contemplated,  it  is  encouraging  to  note 
the  increase  under  the  heads  of  "  shea-butter,"  "  dawa-dawa,"  and 
"  native  blankets,"  for  it  demonstrates  that  the  natives  are  realizing 
that  mone}'  is  to  be  made  by  the  exploitation  of  these  local  industries. 

In  referring  in  m}-  Annual  Report  for  191 2  to  alleged  decrease 
of  24,188  loads  under  the  heading  "donkey  loads,  miscellaneous" 
as  compared  with  the  figures  recorded  under  that  head  for  191 1, 
I   wrote  as  follows  : — 

"  I  believe  that  donkey  transport  is,  if  anything,  on  the 
increase,  and  that  the  figures  available  are  quite  misleading. 
These  are  only  quoted  for  comparison  with  those  contained 
in  the  Annual   Report  on  Ashanti." 

These  remarks  apply  equalh^  this  year. 

During  the  year  kola  nuts  and  salt  were  exported  over  the 
inland  frontiers  through  the  southern  preventive  stations  established 
on  the  eastern  boundary  of  the  Dependency  as  follows  : — 


Destination. 

Kola  (lbs.) 

Salt  (loads). 

British        

French 
German 

594,180 
219,691 
150,086 

56 

560 

17,668 

Total           

963,957 

18,284 

The  above  figures  were  supplied  by  officers  of  the  Preventive 
Service. 

Fish,  caught  in  the  Volta  River  and  sun  dried,  are  exported 
to  Ashanti  and  the  coast,  but  this  industry  is  in  the  hands  of  the 
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Bator  tribe,  who  come  up  the  river  and  encamp  on  its  banks  during 
the  fishing  season. 

The  Commissioner  of  the  Southern  Province  reports  as  follows  : — 

"  From  the  trade  statistics  furnished  by  the  Commissioners 
there  appears  to  be  a  considerable  increase  in  the  number  of  cattle, 
sheep  and  donke}'s  passing  south  to  Ashanti. 

"  The  District  Commissioner,  Salaga,  reports  that  there  has 
been  a  considerable  drop  in  the  number  of  loads  of  kola  nuts, 
which  he  considers  is  due  to  the  large  quantities  that  are  now 
being  shipped  by  sea  to  Southern  Nigeria.  There  has  been  a  very 
slight  increase  in  the  kola  trade  passing  through  Tamale,  whilst 
the  returns  from  Bole  show  that  the  kola  trade  has  been  much 
the  same  as  the  previous  year. 

"  There  is  a  steady  rise  throughout  the  Province  in  the  export 
of  shea-butter  and  also  in  dawa-dawa.  There  is  also  throughout 
the  Province  a  large  increase  in  the  number  of  loads  of  salt  passing 
through. 

"  With  regard  to  the  imports  of  cloth  from  the  Colony  and 
Ashanti,  there  has  been  an  increase,  as  also  in  loads  of  miscellaneous 
goods,  with  the  exception  of  Salaga. 

"  There  has  been  a  decrease  in  goods  imported  from  Togoland. 
The  turnover  in  Messrs.  Paul  Hutter  and  Company's  store  at 
Tamale  shows  a  decrease  of  £28^  lis.  2-2d.  compared  with  1912. 
The  clerk  in  charge  oi  the  store  is  unable  to  furnish  me  with 
an  explanation  as  to  this  decrease. 

"  Tamale  port  continues  to  increase  in  importance  ;  several 
new  compounds  have  been  built  during  the  year,  and  applications 
for  additional  sites  have  been   made. 

"  The  District  Commissioner,  Bole,  reports  that  trade  has  in- 
creased, but,  during  the  rains,  which  were  very  heavy,  and  owing 
to  the  main  roads  being  under  water,  a  good  deal  of  the  trade  passed 
through  Busunu  and  Bonfu." 

The  Commissioner  of  the  North-Western   Province  states  : — 

"  The  local  trade,  which  is  more  or  less  a  minor  quantity,  is 
much  the  same  as  it  was  a  year  ago. 

"  The  caravan  trade,  however,  shows  a  distinct  falling  off  in 
cattle  and  moshi  cloth.  The  sheep  have  increased  by  lo  per  cent, 
over  last  year,  but  still  show  a  very  large  decrease  when  compared 
with   191 1.     Other  items  do  not  call  for  comment. 

"  I  am  informed  that  one  reason  for  the  decrease  in  cattle  is 
that  the  season   has    not    been    propitious    in    the    French    country, 
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where  95  per  cent,  of  the  cattle,  etc.,  come  from.  Another  reason 
given  is  that  many  chiefs  have  complained  to  the  authorities  of 
the  increased  migration,  or  rather  desire  to  find  work,  or  trade, 
amongst  their  people,  and  the  authorities  have  tried  to  put  pressure 
on  the  people.  The  chiefs  wish  it  stopped  as  they  cannot  get  the 
young  men  to  farm. 

"  I  have  already  reported  on  the  number  of  French  subjects 
passing  through  W'a  empty-handed,  the  causes  of  which  are  con- 
scription and  the  bad  season. 

"  I  am  also  of  opinion  that  other  roads  are  being  used  by  the 
traders,  and  this  can  be  verified  if  statistics  from  Kintampo  were 
available. 

"  There  is  also  no  doubt  that  the  enforcement  of  quarantine 
regulations  by  the  French  has  had  some  effect." 

The  report  of  the  Cornmissioner  of  the  North-Eastern  Province 
demonstrates  that  the  decrease  in  volume  of  the  caravan  trade 
passing  through  the  Xorth-Western  Province  is  due  to  the  popu- 
larity of  the  recenth'  opened  trade  routes  through  the  Tong  Hills. 
He  states  : — 

"  Trade  statistics  for  the  year  are  attached,  and  although  they 
cannot  be  regarded  as  representing  accurately  the  whole  volume 
of  the  trade  which  passes  through  the  Province,  they  do,  however, 
clearly  indicate  that  there  has  been  a  marked  increase  over  the 
previous  }-ear. 

'■'  The  following  are  the  principal  increases  : — 

Horse 

Cattle 


Sheep 

Donkey  . . . 
Donkey  load 
Carrier  loads 


121 

15,450 

15,458 

1,021 

2,840 

23,622 

Total          ...  58,512 


"  It  is  to  be  regretted  that  this  volume  of  trade  does  not 
materially  benefit  the  Administration  of  the  Protectorate,  although 
it  must  add  \ery  considerabi}'  to  the  prosperity  of  the  merchants 
of  Ashanti  and  the  Colony. 

"  Had  the  caravan  tax  still  been  in  force  the  revenue  of  this 
Province,  derived  from  this  source  alone,  would  have  amounted  to 
•^13,244. 
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"  It  is  impossible  to  value  the  whole  of  the  trade,  but  that  of 
the  live  stock  imported  during  the  year  would  approximately  amount 
to  ;^268,6o5,  made  up  as  follows  : — 

£ 

653  horses  at  £'6  3, 918 

43,943  cattle  at  ;^5        219,715 

60,752  sheep  at  1 2s.      ...  ...  36,451 

5,682  donkeys  at  30s.   ...  ...  8,521 


s. 

d. 

0 

0 

0 

0 

4 

0 

0 

0 

Total 


^268,605     4     o 


"The  following  are  the  total  increases  at  the  various  stations  : — 


1912. 

19 1 3.              Increases. 

Decreases. 

Navarro    ... 
Gambaga  ... 
Bawku 
Zouaragu  ... 

43,620 

5.533 

39,674 

8,320 

59.139 

8,492 

63,320 

24,708 

15.519 

2,959 

23,646 

16,388 

— 

Total         

97,147 

155.659  ;    58,512 

i 

— 

"  The  most  gratifying  feature  from  an  administrative  point  of 
view  is  the  increase  of  16,388  in  the  Zouaragu  return,  which  proves 
conclusively  the  entire  pacification  of  the  district.  Traders  now  come 
to  Zouaragu  from  Bawku,  and  all  the  towns  along  the  frontier, 
chiefly  from  Zoko  on  the  north-east  of  the  district,  which  is  situated 
on  a  route  which  is  rapidly  becoming  popular  with  French  traders. 
They  then  travel  south  on  the  road  which  passes  through  Tonzugu 
and  Winduri  in  the  heart  of  the  Tong  Hills.  Prior  to  the  establish- 
ment of  the  station  in  1910  no  traders  dare  wander  about  the  district, 
and,  except  for  the  exchange  of  foodstuffs  at  the  local  markets,  which 
were  constantly  raided,  there  was  no  trade  of  any  sort. 

"There  has  been  a  very  severe  drought  in  the  regions  between 
Wagadugu  and  Timbuctoo,  and  to  this  fact  may  be  attributed  the 
increase  in  the  live  stock  which  has  been,  and  still  is,  passing  to 
Coomassie.  The  crops  there  have  failed  entirely,  and  neither  food 
nor  water  can  be  obtained  for  the  animals,  and  consequently  the 
owners  are  getting  rid  of  their  stocks  as  quickly  as  possible,  so 
probably  next  year  there  will  be  a  decrease. 


2oy 

"  The  bulk  of  the  trade  is  in  the  hands  of  Hausas,  Moshis,  and 
other  non-British  subjects,  who  sell  their  wares  for  cash,  and  thus 
denude  the  Province.  But  signs  are  to  be  observed  that  our  own 
people  are  commencing  to  take  an  interest  in  external  trade,  and  now 
go  so  far  as  Yagiba  and  Daboya,  where  they  exchange  sheep  for  salt, 
fish,  cloth,  etc. 

"  Efforts  have  been  made  to  establish  a  trade  in  bees-wax  and 
hides,  but  the  result  has  not  been  very  encouraging.  The  former  is 
prepared  in  small  quantities  everywhere,  but,  until  traders  come  up 
and  pro\-e  to  the  people  that  a  demand  does  exist,  I  fear  it  will  not 
be  an}^  great  success.  As  for  hides,  although  in  nearly  every  com- 
pound there  are  a  few  cattle,  the}'  are  never  killed  for  consumption, 
but  kept  chiefly  for  the  purpose  of  pa}'ing  headmoney  on  women." 
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YELLOW    FEVER    COMMISSION 
(WEST    AFRICA). 


CORRESPONDENCE      RELATING      TO      THE      INTRODUCTION      OF 
INFECTION    INTO   THE   WEST   AFRICAN    COLONIES    BY   SEA. 

THE    SECRETARY    OF    STATE    TO    THE    GOVERNORS 
OF  THE  BRITISH   DEPENDENCIES    IN  WEST  AFRICA. 

Downing  Street, 

1 6///  December,  191 3. 
Sir, 

I  ha\e  the  honour  to  inform  you  that  the  Yellow  Fever  (West 
Africa)  Commission  are  anxious  to  have  reliable  information  in 
regard  to  the  conditions  of  the  sea-borne  traffic  of  the  West  African 
ports,  with  special  reference  to  the  circumstances  favouring  the  incro- 
duction  of  Yellow  Fever  by  this  means. 

The)'  would,  therefore,  be  glad  if  from  time  to  time,  as  occasion 
serves,  the  port  health  authorities  would  make  a  careful  examination 
of  vessels  of  every  class  trading  with  the  ports  within  your  adminis- 
tration, with  a  view  especially  to  determining  the  presence  and,  when 
present,  the  degree  of  prevalence  of  the  Stegomyin  mosquito  on 
board,  both  in  the  larval  and  in  the  adult  stage.  The  enquiry  need 
not  be  exhaustive  ;  opportunities  for  the  examination  would, 
presumabl}-,  be  furnished  by  the  ordinar\-  routine  of  the  official 
duties  of  the  investigating  officers  ;  and  they  would  be  best  able  to 
determine  how  many  vessels  of  each  kind  (from  the  mail  steamer  to 
the  canoe)  would  furnish  asatisfactory  estimate  of  the  general  condition 
of  the  shipping  of  the  class.  They  would,  of  course,  at  the  same 
time,  note  an}'  other  features  of  the  traffic  likeh'  to  have  a  bearing 
on  the  question, 

I  have,  &c., 

L.   HARCOURT. 


2l6 

GAMBIA. 

THE  GOVERNOR  TO  THE  SECRETARY  OF  STATE 

(Received  loth  July,  1914.) 

Government  House,  Bathurst,  Gambia, 

20th  June,  1914- 
Sir, 

I  have  the  honour  to  enclose  a  report  submitted  by  the  Senior 
Medical  Officer,  on  the  question  of  the  prevalence  of  the  Stegomyia 
mosquito  on  board  vessels  trading  with  this  port. 

It  is  possible  that  more  definite  information  on  the  subject  may  be 
obtainable  hereafter  through  the  Customs  Department,  and  I  will 
refer  the  question  to  the  Receiver-General. 

I  have,  &c., 

EDWARD    J.  CAMERON, 

Governor  and  Coinuiander-in-CJiief. 


[Enclosi/re.'\ 

Medical  Office,  Bathurst,  Gambia, 
(No.  ig$.)  lyth  J?ine,  1914. 

Sir, 

I  have  the  honour  to  report  that  investigations  made  during  the 
last  six  months  as  to  the  presence  of  larvJE  or  adult  Stegomyia  on 
boats  trading  in  the  ports  of  the  Gambia  have  been  confined  to  those 
cases  where  it  has  been  requisite  for  the  Medical  Officer  of  Health  to 
visit  and  inspect  such  ships. 

The  examinations  made  on  such  occasions  have  included  steamers 
and  sailing  boats,  but  have  never  discovered  the  presence  of  larvae  or 
adult  Stegomyia. 

On  inquiry,  the  officers  of  steamers  have  in  some  cases  stated  that 
there  are  a  few  mosquitoes  on  board,  but  I  have  not  been  able  to 
obtain  specimens  for  identification. 

I  have,  t&c, 

A.  E.  Horn, 

Senior  Medical  Officer. 


^17 

THE   GOVERNOR  TO  THE  SECRETARY  OF  STATE. 
(Received  19th  December,  1914.) 

Government  House,  Bathurst,  Gambia, 

28///  November,  191 4. 
Sir, 

I  have  the  honour  to  enclose  cop\'  of  a  report  to  the  Receiver- 
General  b_\-  the  Boarding  Officer  of  the  port,  on  the  subject  of  the 
prevalence  of  the  Stegouiyia  mosquito  on  vessels  trading  with 
Bathurst,  together  with  copy  of  a  minute  from  the  Senior  Medical 
Officer  commenting  on  the  same. 

I  have,  &c., 

EDWARD  J.  CAMERON, 

Governor  ami  Couiinander-in-Chicf. 


\Enclos2(re  i.] 

Attached  is  list  of  vessels  inspected  by  me.  The  result  of  my 
inspection  showed  a  total  absence  of  mosquitoes  in  the  larval  or 
adult  stage.  The  only  reason  for  this  was — according  to  my  belief 
and  that  of  several  ships'  officers  whom  I  have  interviewed  on  the 
subject — that  any  mosquitoes  which  might  have  been  carried  from 
the  last  port  ot  call  were  completely  flown  away  at  sea  before  the 
ship's  arrival  at  next  port. 

It  was  only  on  one  solitary  occasion  that  I  discovered  some 
mosquitoes  on  the  "  INIuraji,"  which  arrived  and  remained  outside 
on  the  night  of  15th  July  and  entered  the  harbour  on  the  following 
morning.  I  enquired  about  this  from  the  purser,  \\\\o  reported 
that  there  were  no  mosquitoes  on  board  when  the  ship  dropped 
anchor  on  night  of  15th,  and  that  it  was  about  2  o'clock  in  the 
morning  that  the  presence  of  mosquitoes  from  Bathurst  was  felt 
on  board. 

No  inspection  was  made  of  ships  in  quarantine,  but  the  masters 
of  these   vessels  in  every  case  reported  total  absence  of  mosquitoes. 

S.  F.  Leigh. 
20th  November,  191 4. 
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List  of  Vessels  Inspected. 


Name  of  Vessel. 

Where  from. 
Liverpool  ... 

When  arrived. 

Remarks. 

Muraji,  s.s. 

i6  July,  1914 



Obuasi,  s.s. 

London 

17 

— 

Eloby,  s.s, 

Sierra  Leone 

18 

— 

Heiiriette  Woermann,  s. 

Hamburg  .. 

22 

— 

Rufisque,  cutter 

Foundiougne 

22 

Selika,  s.s. 

>) 

23 

— 

Prahsu,  s.s. 

Sierra  Leone 

26 

— 

Ansonia,  s.s. 

Marseilles  .. 

27 

In  quarantine. 

Tibet,  s.s. 

>» 

28 

— 

Liberia,  s.s. 

Conakry 

28 

— - 

Addah,  s.s. 

Liverpool   . . . 

29 

— 

Bathurst,  s.s. 

Hamburg   ... 

I  August,  1914    ... 

— 

Tendaba,  s.s.     ... 

Dakar 

4 

In  quarantine 

Nigeria,  s.s. 

Sierra  Leone 

8 

— 

Sandu,  s.s. 

Rufisque     .. 

9 

— 

Rufisque,  cutter 

Foundiougne 

9 

— 

Accra,  s.s. 

Liverpool   . . 

14 

— 

Ormidale,  s.s.    ... 

London 

15 

— 

Akabo,  s.s. 

Liverpool   ... 

20              „ 

— 

Ecaterina  Couppa,  s.s... 

Foundiougne 

20              „ 

In  quarantine. 

Rufisque,  cutter 

)) 

27 

— ■ 

Eboe,  s.s. 

Liverpool   ... 

31 

— 

Prahsu,  s.s. 

)? 

3  September,  1914 

— 

Dioudiou,  motor  boat  .. 

Foundiougne 

4 

— 

Rufisque,  cutter 

,, 

6 

— 

Appam,  s.s. 

Liverpool   ... 

10                „ 

Troopship ;  no 
inspection. 

Tendaba,  s.s.     ... 

Dakar 

II        .        ,, 

In  quarantine. 

Combo,  s.s. 

») 

II                 ,, 

,, 

Akassa,  s.s. 

Liverpool   ... 

IS 

— 

Rufisc[ue,  cutter 

Foundiougne 

21                        ,, 

— 

Gando,  s.s. 

Liverpool  ... 

23 

— 

Sandu,  s.s. 

Dakar 

23 

— 

Cromarty,  s.s.    ... 

Rufisque     ... 

25 

— 

Addah,    s.s. 

Sierra  Leone 

25 

— 

Memnon,  s.s.     ... 

Rotterdam... 

27 

— 

Mungo  Park,  s.s. 

Dakar 

27 

In  quarantine. 

Accra,  s.s. 

Sierra  Leone 

29 

— 

RamatouUe  J  oof,  cutter 

Carabane    ... 

5  October,  19 14  .. 

-~ 

Tamsir,  cutter   ... 

Foundiougne 

8 

— 

Rufisque,  cutter 

J) 

8 

— 

Sandu,  s.s. 

Dakar 

12                ,, 

— 

Aburi,  s.s. 

Liverpool   ... 

16 

Stamboul,  s.s.    ... 

Marseilles  .  . 

16 

Ayr,  s.s. 

Foundiougne 

17 

— 

General  Dodds,  s.s. 

Dakar 

17 

— 

Agberi,  s.s. 

Sierra  Leone 

17 

— 
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List  of  Vessels  Inspected — continued. 


Name  of  Vessel. 

Where  from. 

When  arrived. 

Remarks. 

Ebatoulie,  cutter 

Rufisque     .. 

25 

October,  19 14  .. 



Louis,  cutter 

11 

26 

,, 

— 

Guetty,  motor  boat 

Foundiougnt 

27 

,. 

— 

Cecil  H.  Lord,  schooner 

Maio 

7 

November,  191 4 

— 

Diana,  schooner 

,, 

7 

,, 

Rufisque,  cutter 

Foundiougne 

9 

11 

Patani,  s.s. 

Sierra  Leone 

10 

11 

— 

Gergovia,  s.s.     ... 

Marseilles  ... 

12 

j> 

— 

Elector,  schooner 

Maio 

16 

,. 

— 

Gambia,  schooner 

)) 

17 

)) 

— 

20th  November,   19 14. 


S.  F.  L. 


\_Enelosure  2.] 

I  would  suggest  that  a  copy  of  the  foregoing  report  be  for- 
warded to  the  Secretary  of  State.  As  these  observations  have  now 
been  conducted  throughout  the  rain}'  reason  and  a  great  part  of 
the  dry  season  without  any  positive  result,  it  does  not  appear 
probable  that  ships  calling  at  Bathurst  are  likely  to  bring  infected 
mosquitoes  from  other  ports. 

A.  E.  Hoi>iN. 
27///   Xovciiiber,    1914. 


SIERRA  LEONE. 

THE  GOVERNOR  TO  THE  SECRETARY  OF  STATE. 

9///  December,   191 3. 
Sir, 

I  have  the  honour  to  transmit  herewith  a  cop\'  of  a  report  b\- 
the  Comptroller  of  Customs  on  the  trade  carried  on  between  Sierra 
Leone  and  the  neighbouring  Colonies  b}-  means  of  native  craft  for 
the  years   1910-1913. 

The  report  has  been  obtained  at  the  suggestion  of  the  Principal 
Medical  Officer,  a  copy  of  whose  minute  on  the  subject  is  enclosed. 

I   have,  S:c., 

E.  EVELYN, 

Deputy-  Governor. 
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\Enclosure  i.] 

The  following  table  {see  page  221)  indicates  the  extent  and 
direction  of  the  trade  carried  on  by  means  of  native  craft 
between  Sierra  Leone  and  the  neighbouring  Colonies. 

2.  It  is  evident  that  the  trade  conducted  by  means  of  native 
craft  is  not  confined  to  Freetown  and  Sherbro.  For  this  reason, 
although  only  these  two  ports  are  mentioned  in  your  minute,  I 
quote  in  addition  figures  for  three  sub-ports.  The  table  furnishes 
a  complete  statement  of  the  small  craft  trade  of  this  Colony  with 
its  neighbours. 

3.  The  great  bulk  of  this  class  of  trade  is  with  the  adjacent 
territory  of  French  Guinea.  It  is  of  a  very  general  character,  though 
largely  consisting  of  interchange  of  natural  products.  Imports  from 
French  Guinea  are  mainly  goods  of  European  manufacture  ;  exports 
thereto  are  local  produce  and  general  European  goods,  the  former 
accounting  for  more  than  half  the  yearly  value. 

4.  Much  of  the  live  stock  imported  into  Sierra  Leone  is  brought 
from  French  Guinea  in  the  larger  class  of  native  craft,  principally 
to  Mahela,  which  port,  as  the  table  indicates,  has  by  far  the  most 
intimate  connection  of  any  Sierra  Leone  port  with  any  of  the 
neighbouring  Colonies. 

5.  Trade  with  Portuguese  Guinea  is  very  similar  to  that 
described  above,  Freetown  being  the  only  port  which  has  oversea 
communication  with  that  Colony. 

6.  Mano  Salija,  in  the  south  of  the  Colony,  and  Gene,  on  the 
Mano  River,  provide  convenient  bases  for  trade  with  Liberia.  Here, 
again,  the  small  trade  which  is  carried  on  is  of  a  general  nature, 
though  the  convenience  of  Mano  Salija  as  a  port  of  shii)ment  induces 
Liberian  farmers  to  send  an  appreciable  quantity  of  produce  to 
that  port   via  British  Gene. 

7.  In  connection  with  the  object  of  this  report,  it  may  be  of 
useful  interest  to  state  that  a  ferry  canoe  crosses  the  Manoe  River 
between  Liberian  Gene  and  British  Gene  some  eight  times  daily, 
carrying  passengers  and  goods.  It  is  not  easily  possible  to  estimate 
the  number  of  persons  who  use  the  ferry  in  the  course  of  a  year, 
but  it  is  evident  that  a  large  number  of  people  must  enter  the 
Protectorate  of  Sierra  Leone  by  this  route, 

8.  The  transit  trade  on  the  Mano  River  does  not  affect  Sierra 
Leone  to  any  appreciable  extent.  It  is  not  trade  in  the  strict 
meaning  of  the  term,  consisting,  as  it  does,  of  cargoes  of  general 
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goods — largely  trade  spirits — shipped  from  a  Liberian  port  on  the 
seaboard  to  another  Liberian  port  on  the  river  which  forms  the 
boundary  between   Liberia  and  Sierra  Leone. 

9.  In  the  above  table  are  included  those  sloops  and  cutters 
which  trade  regularly  between  Sierra  Leone  and  neighbouring 
Colonies,  This  accounts  for  what  may  seem  at  first  sight  a  number 
of  men  disproportionately  large  to  the  number  of  vessels  engaged. 
These  vessels  trade  to  Freetown  and  Sherbro  only.  A  further 
explanation  of  the  large  number  of  men  engaged  is  furnished  by 
the  fact  that  it  is  usual  for  these  small  craft  to  carry  hands  sufficient 
to  row  or  paddle  in  the  event  of  the  vessel  being  becalmed. 

A.    P.    ViRET, 

I  yth  November,  191 3.  Comptroller  of  Customs. 

\_EndosHre  2.] 

I  happen  to  know  that  the  information  with  regard  to  trade 
routes  was  originally  asked  for  in  connection  with  the  controversy 
as  to  the  origin  of  the  outbreak  of  Yellow  Fever  at  Freetown  in 
1 9 10 — the  possible  sources  of  infection  being  the  point  at  issue. 

I  am  given  to  understand  that  a  considerable  trade  is  carried 
on  between  Sierra  Leone  and  other  Colonies  adjacent  by  means 
of  native  vessels,  and  I  suggest  that  a  report  on  this  trade  be 
called  for  from  the  Harbour  Master  and  Comptroller  of  Customs, 
and  the  information  forwarded  to  the  Secretary  of  State  in  order 
that  his  knowledge  of  the  subject  may  be  as  complete  as  possible. 

T.  E.  Rice, 

%th  November,   191 3.  Principal  Medical  Officer. 


THE    GOVERNOR    TO    THE    SECRETARY    OF    STATE. 

Government  House,    Sierra   Leone, 

list  July,   1914- 
Sir, 

With  reference  to  your  despatch  of  the  i6th  December  last, 
in  which  you  asked  that  the  port  health  authorities  should  be 
instructed  to  make  a  careful  examination  of  vessels  of  every  class 
trading  with  the  ports  of  this  Colony,  with  a  view  to  determining 
the  presence,  and  when  present,  the  degree  of  prevalence  of  the 
Stegomyia  mosquito  on   board,  both  at   the   larval  and   at  the  adult 


stage,  I  have  the  honour  to  transmit  herewith,  for  your  information, 
two  reports  which  have  been  furnished  b}'  the  Senior  Sanitary 
Officer,  on  : — 

(a)   Prevalence    of   mosquitoes    on    board    ships    calling    at 

Freetown  ;   and 
{/))    Presence  of  mosquitoes  on  vessels  other  than  steamers. 
Investigation    [a)    was   carried   out   during    the  dr\'   season,   and 
(/;)   during   the  wet  season. 

The  investigations  have  been  carried  out  in  as  thorough  a 
manne.;  as   possible  under   the   circumstances. 

I    have,   &c., 
E.   M.    MEREWETHER, 

Governor. 

[^Enclosure   i.] 

Prevalence  of  Mosquitoes  on  Board  Ships  calling  at 
Freetown,  Sierra  Leone. 
This  investigation  was  carried  on  from  the  8th  of  April  to  the  24th 
of  May,  191 4.     During  that  period  twelve   ships   were  boarded  and 
examined,     A  tabulated  list  of  the  ships  is  appended. 

The  following  are  the  names  of  the  vessels  with  the  name  of  the 
port  from  A\hich  it  came,  and  the  number  of  ports  of  call  between  that 
and   Freetown  : — 

Number  of  ports 
Starting  port.  of  call. 

Forcados  ...  ...  ...  11 

Assinie    ...  ...  ...  ...  8 

Calabar   ...  ...  ...  ...  4 

Freetown  to  Sherbro  and  back  i 

Opobo 

Half  Assinie 

Cotonou    .. 

Akassa     ...  ...  ...  ...  16 

Forcados  ...  ...  ...  3 


Name  of  Ship. 
s.s.  "  Elobi  " 
s.s.  "  Lothai  Bohlen 
s.s.  "  Bassam  '" 
s,s.  "  Patani  " 
s.s.  "  Gando  " 
s.s.  "  Teneriffe  " 
s.s.  "  Togo  " 
s.s.  '   Akassa  " 
s.s.  "  Nembe  " 
s.s.  "  Henrietta 

Woermann 
s.s.  "  Warri  " 
s.s.  "  Boma  " 


Assinie    ...  ...  ...  ...      ii 

Sapeli      ...  ...  ...  ...      13 

Sapeli      ...  ...  ...  ...      12 

Special  attention  was  paid  to  examination  of  fi)  forecastle, 
(2)  cabins,  (3)  holds,  in  addition  to  searching  for  live  specimens 
of  mosquitoes   all   vessels  containing  water,  fresh  or  salt,   found  on 
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board  were  examined  for  the  presence  of  larvae.  Inquiries  were 
also  made  regarding  the  occurrence  of  illness  on  board  during  the 
voyage,  the  nature,  duration,  and  result  of  such  illness,  the  diagnosis 
being  confirmed,  where  possible,  by  the  taking  of  blood  films. 

In  most  instances  the  parts  of  the  vessels  examined  were  gone 
over  twice,  the  second  occasion  being  made  to  cover  the  usual  period 
of  mosquito  activity,  viz.,  from  six  o'clock  or  thereabouts,  onwards. 
Where  the  vessel  remained  only  a  short  time  in  port,  this  of  course 
could  not  be  done.  To  carry  out  these  investigations  thoroughly, 
it  was  necessary  to  enlist  the  sympathies  of  both  officers  and  crew, 
and  in  this  I  must  say  I  was  very  fortunate,  for  on  practicall}'  all 
of  the  vessels  I  had  the  active  co-operation  of  all  on  board,  so 
much  so,  indeed,  that  many  new  and  strange  "  mosquitoes  "  were 
brought  to  me  from  time  to  time,  including  even  our  old  friend 
"  Daddy  longlegs "  in  a  slightly  reduced  size,  I  had  also  to 
attend  one  or  two  night  calls  in  order  to  capture  a  mosquisto 
that  someone  had  heard  singing  about  his  head.  Thus  where 
mosquitoes  were  unable  to  be  found  on  board  a  vessel,  I  think  it 
may  fairly  be  taken  as  pretty  certain  that  there  were  none  on  board. 

Wherever  in  the  tabulated  list  it  appears  that  no  holds  were 
examined,  it  means  that  they  were  too  full  of  cargo  to  admit  of 
being  entered. 

A  mosquito  net  was  also  taken  on  board  each  vessel  for  the 
purpose  of  setting  "  live  baits,"  but  no  suitable  occasion  arose  in 
which  to  make  use  of  it. 

Out  of  the  twelve  ships  visited,  mosquitoes  were  discovered  in 
three  only,  namely,  the  s.s.  "  Patani,"  s.s  "  Henrietta  Woermann," 
and  s.s,  "  Warri." 

With  regard  to  the  first  of  these,  the  s.s.  "  Patani,"  I  made 
a  special  journey  in  her  on  17th  April,  to  Sherbro  Island,  which 
lies  90  odd  miles  along  the  Sierra  Leone  coast  in  a  south-easterly 
direction.  After  a  stay  of  about  eighteen  hours  at  Sherbro  we 
returned  to  Freetown.  On  the  journey  to  the  island  I  had  ample 
time  to  make  a  very  thorough  examination,  and  was  able  to  convince 
myself  that  we  had  not  a  mosquito  on  board.  After  covering  about 
two-thirds  of  the  journey  the  Captain  found  it  necessary  to  drop 
anchor,  so  we  passed  the  night  on  the  open  sea  out  of  sight  of  land. 
Up  to  a  late  hour  that  night  I  found  no  sign  of  mosquitoes  and  my 
own  cabin  was  certainly  quite  free  of  them.  Next  day  (i8th  April), 
about  noon,  we  anchored  in  Sherbro  River,  z>.,  the  strip  of  tidal  water 
separating  the  island  from  the  mainland.     This  water  has  only  a  very 


narrow  navigable  channel,  so  that  vessels  anchored  in  it  are  of  necessity 
close  to  the  mangrove  swamps  lining  the  river  side.  The  remainder 
of  the  1 8th  was  spent  in  unloading  cargo  from  the  vessel,  lighters 
being  sent  from  the  town  of  Bonthe  on  the  island  for  that 
purpose. 

That  night  mosquitoes  were  present  on  the  vessel,  and  after  some 
hunting  1  was  able  to  capture  six  specimens  ;  three  in  the  black  crew's 
quarters,  one  in  the  white  crew's,  one  in  the  lavatory,  and  one  in  my 
own  cabin.  The  following  day  (19th  April)  we  left  Sherbro  for 
Freetown,  and  as  we  did  not  arrive  there  till  late  at  night  I  had  time 
to  go  over  the  ship  again,  with  the  result  that  I  obtained  a  further 
nine  specimens  from  the  following  places  :  two  from  the  dining  saloon 
wall,  three  from  the  cabin  of  the  second  officer,  three  from  that  ot  the 
third  officer,  and  one  on  the  outside  of  my  mosquito  curtain  early  on 
the  following  morning.  On  this  day  (20th)  I  went  on  shore,  but  as 
the  vessel  was  remaining  in  the  harbour  another  day  I  returned  and 
passed  the  night  on  board.  The  result  of  this  night's  search  was  :  two 
from  the  white  crew's  quarters,  three  in  the  native  quarters,  one  in  the 
second  officer's  cabin,  and  three  in  my  own  cabin. 

All  the  mosquitoes  obtained  were  discovered  in  a  great  variety  of 
places  in  the  vessel  ;  for  example,  on  the  walls  in  dark  corners,  from 
the  ceilings,  amongst  the  folds  of  berth  curtains  and  in  the  curtains 
over  port  holes,  behind  swing  looking-glasses,  under  settees,  and,  in 
fact,  wherever  there  was  a  dark  or  shaded  place  where  they  could  hide. 
In  the  forecastle,  where  the  lights  were  dimmer,  some  were  caught  on 
the  wing  whilst  fl}'ing  around  the  electric  bulbs.  For  the  purpose  of 
searching  the  various  dark  corners,  I  used  an  electric  bull's-eye  lamp 
with  powerful  dry  batter}'  capable  of  giving  a  continuous  light. 

The  two  foreholds  of  this  vessel  were  examined  on  both  the 
outward  and  return  journeys,  but  on  neither  occasion  was  I  able  to 
demonstrate  the  presence  of  mosquitoes. 

In  fact,  no  fl}-ing  insects  of  any  sort  seemed  to  be  present, 
whereas  in  the  holds  of  all  the  other  vessels  examined,  moths  and 
a  species  of  small  flying  beetle  were  always  to  be  found,  the 
shining  of  the  light  invariably  bringing  them  out  of  their  corners. 
Possibly  the  absence  of  these  creatures  on  this  particular  boat  might 
be  accounted  for  by  the  nature  of  the  cargo,  which  was  comiposed 
mainly  of  tins  of  kerosene. 

In  all  twent}'-four  mosquitoes  were  captured,  and  identification 
showed  them  to  consist  of  the  following  : — Culex  deceus^=-\2, 
Pyretophorus  costalis^^ii,   Ochlerotatus  (?sp,)  =  i. 
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Anoplielines  were,  therefore,  present  to  the  extent  of  50  per  cent., 
and  of  the  twel\-e,  ten  \^'ere  females,  the  one  specimen  of  OcJdcrotatns 
being  a  male. 

Of  the  Cnliciues^  four  were  males  and  eight  females.  Both 
Anophelincs  and  CuHciues  were  obtained  in  equal  numbers  from  the 
forecastle  and  also  from  the  cabins. 

As  regards  the  arrival  on  board  of  these  mosquitoes,  there  are 
two  sources  from  which  they  might  have  come,  viz.,  in  the  three 
empty  lighters  sent  out  from  Bonthe  to  take  off  the  cargo,  or  from 
the  mangroves  which  lined  the  river  and  which  were  only  about 
four  hundred  yards  from  the  vessel.  I  think  the  latter  seems  the 
more  likely  source. 

The  next  vessel,  the  "  Henrietta  Woermann,"  had  just  arrived 
from  Sherbro  Island  when  I  visited  her.  She  had  passed  two  nights 
there,  remaining  eighteen  hours  altogether,  and  previous  to  calling 
there  had  been  travelling  up  the  coast  from  Assinie.  At  none  of 
the  other  ports,  however,  with  the  exception  of  Freetown,  had  the 
vessel  been  nearer  the  shore  than  half  a  mile,  so  that,  in  all 
probability,  the  mosquitoes  got  aboard  at  Sherbro.  Both  officers 
and  crew  said  that  they  had  hardly  been  troubled  at  all  by  them 
while  anchored  there,  and  a  considerable  searching  of  the  forecastle 
was  necessary,  before  I  finally  succeeded  in  dislodging  one  from 
the  tuft  (leaves)  of  a  pineapple  suspended  from  the  edge  of  one  of 
the  bunks  Owing  to  the  vessel  only  remaining  a  short  time  in 
Freetown  harbour,  I  had  no  time  to  go  through  the  other  parts 
of  the  vessel  except  the  cabin  of  the  third  engineer,  who  came  to 
me  saying  that  he  had  heard  mosquitoes  "singing"  in  his  room. 
After  some  little  searching  we  finally  discovered  two  in  the  folds 
of  the  berth  curtains.  One  I  managed  to  capture,  but  the  other 
escaped  from  the  cabin.  The  two  mosquitoes  caught  proved  to  be 
Ciilex  diittonj,  both  females. 

The  third  vessel  on  which  mosquitoes  were  caught,  namely,  the 
s.s.  "  Warri,"  had  travelled  up  from  Sapele  and  VVarri.  In  addition 
to  those  two,  she  had  called  at  eleven  other  ports,  but  at  all  of  the 
latter  she  had  lain  at  least  a  mile  and  a  half  from  the  shore. 
Cargo  was  taken  on  at  three  ports  only,  besides  Sapele  and  Warri, 
namely,  Barracoe,  Addah  and  Winnebah.  It  consisted  of  palm 
kernels  in  sacks  and  was  brought  out  to  the  vessel  in  each  case  in 
open  surf  boats.  It  seems  practically  certain,  therefore,  that  the 
mosquitoes  found  on  this  ship  must  have  come  all  the  way  from 
the  creek  ports    of  Sapele    and   Warri,  as    it  appears  impossible  for 
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them  to  have  been  brought  out  by  the  surf  boats.  Nor  could  they 
have  come  on  at  Freetown,  since  the  vessel  was  anchored  practically 
a  mile  out  and  I  boarded  her  as  soon  as  she  arrived,  which  was 
in  the  da}'  time.  Aloreover,  the  larval  index  of  Freetown  had  just 
been  shown  by  Dr.  Orpen,  Acting  Medical  Officer  of  Health,  to  be 
0'4.  The  specimens  captured  were  obtained  from  the  following 
parts  of  the  ship,  viz.,  seven  from  the  purser's  cabin,  three  from 
the  third  mate's,  one  from  the  cabin  of  the  second  mate,  and  one 
from  that  of  the  chief  engineer.  Next  morning  a  search  was  made 
in  the  forecastle,  and  after  some  hunting  a  single  specimen  was 
caught  in  the  native  quarters  in  the  dark  comer  formed  by  the  stem 
of  the  vessel. 

The  time  occupied  in  the  voyage  from  Warri  to  Freetown  \\-as 
sixteen  days  and  about  nineteen  from   Sapele. 

Identification  of  the  captured  mosquitoes  ga\e  the  following 
result: — Culex  duttoiii^^,  Stegomyia  fasciata^i,  Ctdex  pipiens^2, 
Culex  [1  pipicns  type)  =6,  Culex  (?  sp.=  i).  All  were  females,  with  the 
exception  of  the  Stegontyia,  which  was  a  male.  The  last  named 
was  captured  in  the  cabin  of  the  second  officer. 

Holds. — In  none  of  the  holds  of  any  of  the  vessels  was  I  able 
to  detect  the  presence  of  mosquitoes.  The  only  winged  insects 
found  were  moths  and  a  species  of  small  flying  beetle.  These 
were  present  in  all  the  holds  with  the  exception  of  those  which 
carried  the  kerosene.  It  seems  to  me  unlikely  that  mosquitoes  are 
carried  on  board  these  vessels  in  the  cargo,  since  the  latter  consists, 
for  the  most  part,  of  sacks  of  palm  kernels,  nuts,  etc.  A  dififerent 
state  of  affairs  might  of  course  obtain  if  fruit  were  also  shipped  as 
cargo,  as  one  can  readily  imagine  mosquitoes  being  carried  out 
lurking  in  the  man}-  interstices  of  a  large  bunch  of  bananas,  for 
instance.  On  the  other  hand,  even  if  a  few  did  find  their  way  into 
a  hold  with  the  cargo  the}'  would  want  to  get  out  in  order  to  feed, 
when  the  chances  were  very  great  of  their  being  blown  overboard, 
since  the  hatches  to  the  holds  are  placed  on  the  open  deck.  Assuming 
that  they  did  find  their  way  into  a  cabin,  and  have  gorged  themseh'es 
on  the  unfortunate  occupant,  the  probabilities  are  that  the}^  would 
be  too  sluggish  to  venture  out  on  the  open  deck  again  and  would 
simply  hide  themselves  away  in  some  dark  corner  in  the  cabin. 

According  to  the  officers  and  men  of  all  the  vessels  the  onh- 
places  where  mosquitoes  give  any  trouble  are  Forcados  and  the 
various  creeks  thereabouts,  Opobo  and  its  creeks,  and  at  Benin  aiid 
Brass  further   along   the   coast.     Okrika   and    Port    Harcourt   were 
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mentioned  b\-  all  as  the  two  worst.  Further,  I  found  them 
unanimous  in  stating  that  as  soon  as  a  vessel  gets  out  to  the  open 
sea,  an}^  mosquitoes  that  have  been  carried  out  almost  invariably 
disappear  from  the  ship,  more  especially  if  there  is  a  breeze  blowing. 
They  do  admit,  however,  that,  exceptionalh%  mosquitoes  may  remain 
on  board  for  many  da}'s,  but  sa}-  that  that  occurs  only  when  the 
weather  is  particularly  calm  and  the  vessel  keeping  more  or  less 
close  to  the  shore  and  not  taken  long  between  ports.  The  great 
variation  in  the  extent  to  which  vessels  sailing  up  these  infected 
creeks  are  troubled  by  mosquitoes  is  interesting  to  note.  For  instance, 
those  on  board  the  s.s.  "  Warri  "  were  greatly  tormented  by  them, 
whilst  the  s.s.  "  Boma,"  which  covered  exactly  the  same  ground 
about  ten  days  later,  was  hardly  troubled  at  all.  Possibly  the 
presence  or  absence  of  wind,  or  the  direction  from  which  it  is 
blowing,  may  account  for  this  more  or  less. 

There  were  fourteen  cases  of  illness  amongst  the  twelve  ships 
during  the  voyage.  Nine  of  these  seemed  to  be  malarial,  one 
intestinal,  one  Yellow  Fever,  and  three  with  p}Texia  and  headache. 
Two  died,  one,  according  to  the  ship's  surgeon,  of  malaria  and 
hyperpyrexia,  the  other  was  the  Yellow  Fever  case.  The  latter 
patient  was  taken  ill  and,  after  five  and  a  half  hours'  illness  died. 
The  vessel,  the  "  Nembe,"  was  then  at  Burutu.  The  case  was  re- 
ported as  Yellow  Fever  by  the  Port  Authority  and  the  ship  was 
fumigated  at  Forcados.  I  had  the  opportunity  of  going  through' 
this  vessel  very  thoroughly,  but  found  no  trace  of  mosquitoes.  The 
whole  ship  still  smelt  ver}-  strongly  of  burnt  sulphur. 

Regarding  the  breeding  of  mosquitoes  on  board  these  ships,  open 
receptacles  containing  more  or  less  permanent  collections  of  water 
were  conspicuous  b\-  their  fewness.  The  onl}-  collections  of  fresh 
water,  in  fact,  that  I  was  able  to  find,  apart  from  that  in  drinking 
glasses  in  the  cabins,  were  a  couple  of  inches  or  so  in  three  boats 
and  a  barrel  about  half  full  in  another  ship.  A  third  ship  had  some 
water  in  three  boats,  which  was  very  faintly  saltish.  The  fresh 
water  supph'  of  the  ship  is  closed  in  and  the  necessary  quantities 
are  served  out  from  day  to  day. 

No  doubt  the  absence  or  scantiness  of  water  in  boats  or  other 
parts  of  the  vessels  can  be  accounted  for  by  the  fact  that  this 
investigation  was  carried  out  during  a  portion  of  the  dry  season. 
A  different  state  of  matters  might,  of  course,  obtain  during  the  rainy 
season  and  sufficient  water  be  left  in  a  boat  long  enough  to  permit 
of  mosquitoes  breeding   out.      I   am  told,  however,   that  during   the 
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rains  the  plugs  are  left  out  of  the  boats,  for  fear  the  weight  of 
water  after  a  heavy  shower  should  burst  open  the  planking.  Still, 
small  pools  might  easil}-  remain  between  the  ribs,  though  continued 
washing  with  rain  would  tend  to  make  them  unfavourable  hatching 
places.  The  above  remarks  would  also  apply  in  the  case  of  salt 
water  collections,  with  the  exception  perhaps  of  that  in  the  bilges. 
Here  there  seems  to  be  a  more  or  less  permanent  supph'  of  water, 
fed  b}-  drainings  from  the  decks,  from  leakages  between  plates,  and 
through  the  bearing  at  the  stern  end  of  the  propeller  shaft.  The  onl\- 
place  where  the  bilges  are  open  is  in  the  "*  tunnel  "  through  which 
the  propeller  shaft  runs,  and  I  have  been  told  b\-  engineers  that 
mosquitoes  are  sometimes  found  down  the  tunnel.  Probably  they 
get  drawn  do\\-n  by  the  strong  draught  that  comes  down  the  tubular 
ventilators.  As  a  matter  of  fact,  Stegoniyia  has  been  found  breeding 
in  the  bilge  water.  In  the  one  bilge  I  examined  the  water  was 
reached  onl\-  after  considerable  difficulty,  on  account  of  various 
structures  over  the  opening  and  the  shallowness  of  the  water  in 
the  bilge.     Repeated  scoopings  failed  to  reveal  any  larvre. 

Nets. — Mosquito  nets  were  seldom  used  on  any  of  these  vessels. 
As  a  matter  of  fact,  I  only  came  across  one  or  two  amongst  the 
sailors,  though  all  the  officers  possessed  them.  On  one  of  the 
vessels,  it  is  interesting  to  note,  mosquito  nets  were  supplied  by  the 
Compan}-  for  all  the  officers  and  cre\\-.  This  vessel  was  a 
Hamburg- Amerika  trading  boat  which  had  been  put  on  the  African 
service.  The  nets  were  retained  b\'  the  chief  steward  and  given 
out  when  applied  for.  Moreover,  circles  of  gauze  ^\•ire  were  also 
on  board  for  fitting  into  the  port  holes,  and  gauze  frames  for  the 
doorways.  None  of  these,  howe\er,  seem  to  have  been  used  on 
this  vo}-age,  at  least  by  an\-  of  the  cxq.\\,  and  on  all  the  vessels 
the  officers  only  used  their  nets  during  the  few  da\'s  the  vessels  were 
anchored  up  the  various  creeks  and  discarded  them  immediate!}- 
they  reached  the  open  sea,  preferring  to  be  bitten  b\-  any  mosquitoes 
remaining  on  board  to  enduring  the  additional  stuffiness  of  a 
mosquito  net  in  an  already  hot  cabin. 

It  is  doubtful  indeed,  if  mosquito  nets  are  of  much  use  on 
board  ship  as,  owing  to  the  small  area  of  the  berths  both  in  the 
cabins  and  in  the  crew's  quarters,  but  particularly  in  the  latter, 
divers  portions  of  the  occupant's  anatomj-  are  almost  certain  to  be 
in  contact  with  the  net  at  some  time  or  other  during  the  night, 
and  as  night  wear  in  the  tropics  is  very  often  reduced  to  what 
is  practically  the  vanishing  point,  the  ever  watchful  and  ready 
R* 
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mosquito  experiences  little  or  no  difficulty  in  obtaining  her  daily  bread. 
In  many  instances  also,  the  nets  in  use  seemed  to  have  been 
purchased  without  any  idea  of  what  the  size  of  the  mesh  ought  to 
be,  as  some  that  I  saw  were  certainly  capable  of  letting  mosquitoes 
through,  and  one  or  two  that  I  measured  proved  to  have  a  mesh 
of  twelve  to  the  inch. 

Identification  of  the  mosquitoes  caught  was  kindly  carried  out 
in  the  laboratory  by  Drs.  G.  G.  Butler  and  W.  B.  Johnson. 

In  conclusion,  I  should  like  to  express  my  appreciation  of  the 
courteous  manner  in  which  both  the  German  and  British  companies 
and  their  officers  on  the  various  vessels  treated  me,  and  for  the 
facilities  they  granted  me  for  the  carrying  out  of  the  investigation. 

J.  M.  Clark. 
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\_Enc/osHre  2, J 

The   Medical   Officer   of   Health   to   the   Senior 
Sanitary   Officer. 
Sir, 

In  answer  to  your  memorandum  of  13th  June,  1914,  askinj^ 
for  a  report  on  the  presence,  and  when  present,  the  degree  of 
prevalence,  of  the  Stegoj/iyia  mosquito  in  vessels  other  than  steamers, 
I  have  the  honour  to  report  as  follows  the  result  of  my  investiga- 
tions. 

In  this  connexion  vessels  of  ever\'  class  which  were  lying  in 
this  port,  other  than   ocean-going  steamers,  have  been  examined. 

2.  [a]  Two  steam  launches  which  sail  between  Port  Lokkoh 
and  Freetown  were  each  examined  on  two  occasions  but  nothing 
was   discovered. 

{b)  Two  steam  tugs  which  are  used  in  the  harbour  for  towing 
lighters,  etc.,  were  examined  but  nothing  discovered. 

(r)  Three  small  schooners  which  sail  from  Freetown  and 
Gambia.  Great  Scarcies,  Kambia  River,  etc,  were  examined.  In 
one,  which  had  just  come  from  Gambia,  a  specimen  adult  of 
Pyretoplionis  costcxlis  was  found  in  the  cabin.  In  the  other  nothing 
was   disco\ered. 

{d)     Boats  which  ply  between  the  harbour  and  the  shore. 

i)  Those  pU'ing  the  Bay  and  in  use.  Twelve  were 
examined.  All  contained  salt  water  and  nothing 
discovered. 
(2)  Those  lying  on  the  shore,  not  in  actual  use.  Fifty 
were  examined.  Thirteen  contained  fresh  water  with 
mosquito  larva.\  The  larvje  were  bred  out  and  found 
as  follows  : — 

StcgoDivM  fasciata,  one  ;  Stegomyia  sugens,  five  ; 
Ciilex  diittoni,  four  ;  Cidex  pipiens,  three. 
{e)  Lighters  lying  in  the  harbour  and  used  for  carrying  cargo 
from  ship  to  shore.  Fourteen  were  examined.  All  were  made  of 
wood,  contained  salt  water,  with  the  exception  of  two,  which  were 
made  of  iron  and  contained  fresh  water  with  mosquito  larvae.  These 
bred  as  follows  : — 

Cnlex  pipiens^  one;  Stegomyia  sugens,  one.    In  none  of  these 
cases  were  larvae  numerous. 
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(/")  Native  boats  sailing  from  Freetown  and  Bullom  for  market 
purposes,  a  distance  of  about  twelve  miles.  Twenty  of  these  were 
examined.  All  were  found  to  contain  salt  waler  and  nothing  was 
discovered. 

C^)  Native  canoes,  (i)  Those  actualh'  in  use.  Seven  were 
examined  and  found  to  contain  salt  water.  Nothing  discovered. 
(2)  Those  not  in  use.  Two  lying  on  the  beach  were  examined  and 
found  to  contain  fresh  water  with  mosquito  larvae.  Stegomyia  siigens 
bred   out  in   both   cases. 

(//)  I  also  examined  the  s.s.  "  Fulani,"  which  was  ashore  on 
"  Carpenter  Rock."  Six  specimens  of  Pyretoplwrus  costalis  were 
discovered.  The  vessel  was  lying  about  one  mile  from  shore  and 
in  the  direction  of  the  prevailing  wind.  The  probabilit}-  is  that 
the  mosquitoes  had  been  brought   from  ports  lower  down  the  coast. 

I   have,  &c., 

William    Allan, 

Medical  Officer  of  Health. 


GOLD  COAST. 

THE    ACTING    GOVERNOR    TO    THE    SECRETARY 

OF    STATE. 
(Received  3rd  July,'  1914.) 

Government  House,  Accra, 

13///  JiniL.,   1914- 
Sir, 

With  reference  to  your  despatch  of  the  i6th  of  December 
last,  regarding  the  conditions  of  the  sea-borne  traffic  of  the  West 
African  ports,  with  special  reference  to  the  circumstances  favouring 
the  introduction  of  Yellow  Fever  b}-  this  means,  I  have  the  honour 
to  transmit  to  you,  herewith,  a  copy  of  a  letter  from  the  Principal 
Medical  Officer  summarizing  the  reports  received  by  him  from  the 
Medical  Officers  at  the  various  ports  on  the  Gold   Coast. 

I   have,  &c., 

W.   C.  F.  ROBERTSON, 

Actimr  Governor. 
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\EnclosHre.\ 

Medical   Department,   V'ictoriaborg,  Accra, 

Sth  June,    1 91 4. 
Sir, 

I    have    the    honour    to    submit    a    report    in    accordance    with 
the  terms  of   the  Secretary  of  State's   despatch  of    i6th   December, 

1913- 

The    followini^    ports  in  this  Colony  supplied    the    information 
which   may  be  summarized   as  follows  : — 


Port.  Number  of  Steamers  Inspected. 


Result. 


Axim         ••■15       ...  ...  ..■  ...   1     Negative. 

Seccondee       Numerous 

Elmina     ...    6 

Cape  Coast     Numerous 

Saltpond  ...  ,, 

Winnebah       Nil  return  owing  to  pressure  !  — 

of  work 
Accra        ...    7         •••  •••  •••  •••   1     Negative. 

Addah      ...    i    coasting    steames    (Lagos)  1  „ 

,,  ...    I  ocean  going  cargo  steamer  ^     Positive.       Stegomyio,  calopus^ 

I  (Lagos).  I  no  larvre. 

,,  ...'2  bar  steamers  ...  ...   1  „  Stegomyia  calopus, 

I  no  larvre. 

,,  ...    6  river  launches  ...  ...  „  Stegomyia  calopus^ 

no  larvte. 
Quittah     ...,   Nil  return  owing  to  pressure 
of  work 


Note. — No  report  from  Half  Assinie  as  there  was  no  Medical 
Officer  there  owing  to  shortage  of  staff. 

The  ports  are  given  in  order  from  windward  to  leeward,  i.e., 
west  to  east. 

The  reports  indicate  that  unused  boats,  canoes,  and  other  craft 
breed  Stegomyia  calopus  should  they  have  collections  of  rain  water 
in  them. 

Only  one  ocean-going  cargo  steamer,  s.s.  "  Muraji  "  (Addah) 
had  Stegomyia  calopus  on  board,  although  no  likely  breeding  places 
were  discovered,  so  it  must  be  presumed  they  were  carried  from 
some  leeward  port  but  not  a  Gold  Coast  one.  It  might  be  argued 
that  she  obtained  them  from  the  bar  steamers  at  Addah  where 
she    was    lying,  but  that  idea  may  be  dismissed,  as  these  steamers 
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lie  too  far  away  from  the  ocean-going  ones  in   Addah  roads  and  to 
leeward. 

It  is  admitted  that  in  this  Colony  it  is  unlikely,  and  I  go  so 
far  as  to  say  impossible,  for  mosquitoes  to  get  from  shore  to  ship. 

That  mosquitoes  are  found  on  occasions  on  the  homeward- 
bound  mail  and  cargo  steamers  is  pretty  well  known,  and  I  can 
personally  vouch  for  the  fact,  but  it  is  not  to  be  wondered  at  when 
it  is  taken  into  account  when  they  lie  in  the  Nigeria  ports  and 
often  with  branch  steamers  tied  up  alongside.  The  latter,  in  my 
long  experience  of  Nigeria,  almost  invariably  harbour  mosquitoes, 
and  not  alone  that,  but  I  have  actually  found  them  breeding  in 
large  numbers  on  board. 

I  have,  &c., 

F.  G.  Hopkins, 


The  Honourable 

The  Colonial  Secretary, 
Victoriaborg,   /\ccra. 


Principal  Medical  Officer. 


NIGERIA. 

THE    GOVERNOR-GENERAL    TO    THE    SECRETARY 

OF  STy\TE. 

(Received   28th   November,   1914.) 

Government  House,   Nigeria, 

Jth  November,   1914. 
Sir, 

With  reference  to  your  despatch  of  the  i6th  December, 
191 3,  on  the  subject  of  information  required  by  the  Yellow  Fever 
(West  Africa)  Commission  in  regard  to  the  conditions  of  the  sea- 
borne traffic  of  the  West  African  ports,  I  have  the  honour  to 
transmit  herewith  a  copy  of  a  report  from  the  Director  of  the 
Medical  and  Sanitary  Service,  covering  a  letter  from  the  Principal 
Medical  Officer,  Southern  Provinces,  containing  extracts  from  reports 
by  Medical  Officers  who  have  been  stationed  during  the  current 
year  in  the  various  ocean  and  river  ports  of  the  Southern  Provinces. 

I   have,  &c., 

F.  D.  LUGARD, 

Goi  'ernor-  General. 
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{^EnclostireP^ 

Colonial  Secrktary, 

The  number  of  river  craft  and  canoes  containing  larva;  is  much 
smaller  than  I  anticipated  ;  this  is  probabh'  due  to  the  recent 
examinations  that  ha\e  taken  place  on  them.  The  Medical  Officer, 
Bonny  (Dr.  Bailey),  has  had  considerable  experience  of  stern- 
wheelers  when  he  was  stationed  at  Forcados-Burutu,  and  I  rather 
think  his  remarks  apply  to  that  period  of  his  career.  In  any  case, 
the  present  Medical  Officer  at  Forcados-Burutu  (Dr.  Booth),  finds 
a  large  percentage  of  river  craft,  presumably  launches  and  stern- 
wheelers,  with  mosquitoes  on  board,  but  only  two  with  larvse. 

The  report  omits  one  important  particular  throughout,  and 
this  is  the  length  of  time  that  elapsed  between  the  arrival  of  an 
ocean  ship  and  the  examination.  This  omission  nullifies  to  a  great 
extent  the  value  of  the  report  in  regard  to  sea-borne  traffic.  This 
investigation,  however,  reveals  the  important  fact  that  mosquitoes 
are  conveyed  from  one  port  to  another,  both  b}-  ocean  steamships 
and  river  craft. 

T.  Hood,  D.M.S.S. 
^otli   October,   IQH- 


Lagos,   15///  October,   1914. 
Sir, 

I  have  the  honour  to  forward  you  the  following  information 
extracted  from  the  various  reports  received  from  Medical  Officers, 
in  reference  to  the  introduction  of  Yellow  Fever  by  sea-borne  traffic. 

Epe. — The  Medical  Officer  reports  that  the  shipping  of  the 
port  consists  of  canoes,  which  invariabh-  contain  some  water  on 
the  bottom  of  the  canoe  under  a  grating  of  sticks.  He  states  he 
has  frequently  examined  this  water,  but  has  never  found  an}-  larva; 
therein. 

Badagry. — The  Medical  Officer  reports  that  Badagry  is  the 
principal  trading  centre  on  the  lagoon  between  Lagos  and  Porto- 
Novo.  He  states  the  facilities  for  the  introduction  of  Yellow  Fever 
are  numerous  : — (i)  Large  trading  canoes  from  Lagos,  about  twentj- 
weekly  ;  (2)  the  French  mail  launches,  which  run  twice  weekh- 
between  Lagos  and  Porto  Novo,  call  at  Badagry  ;  (3)  German 
branch  steamers.  The  Medical  Officer  reports  these  branch  boats 
and  lighters  are  favourite  haunts  of  Stegomyue. 
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Lagos  —  The    following 
for  this  port  : — 

are  the  fig 

ures    supplied  by   Di 

'.   Laurie 

Inspected. 

T                      Larva;. 
Larvae.      ^ 

Percentage. 

Adults. 

Steamships 
Boats,  barges 
Canoes 

549 
14,751 

21            4"i 
54              -Z^ 

18 

Stegoinyia  fasciata 
Ctdex  decens 

15 

3 

Aboil-  The  Medical  Officer  reports  that  since  the  beginning 
of  the  year  no  vessels  calling  at  Aboh  have  been  at  sea. 

Forcados. — The  Medical  Officer  reports  that  he  examined  thirty- 
seven  ships  ;  seven  of  these  ships  had  Anopheles  and  eight  ships 
Culicines — no  larvae  were  found.  These  were  all  ocean-going 
steamers. 

Burutu. — The  Medical  Officer  at  Burutu  reports  that  out  of 
eighty-six  ships  examined  five  contained  Anop/ieline,  nine  Stegoviyia, 
and  fourteen  Culicine  mosquitoes  ;  on  two  ships  only  were  larvae 
found. 

The  above  were  all  river  craft. 

OiiitsJia. — No  larvai  have  been  found  in  an\'  vessel  in  this 
station.  The  steamers  are  ri\er  boats.  No  ocean  boats  are  plying, 
canoes  are  local,  and  no  cases  of  Yellow  Fever  have  been  observed. 

Sixpele. — The  Medical  Officer  has  examined  391  of  all  craft  ; 
on  steamers  neither  mosquitoes  nor  larvae  were  found  ;  StigoDiyia 
mosquitoes  were  found  on  one  steam  launch  and  one  lighter,  and 
82  canoes  contained  water  with  larvae,  22  of  which  on  breeding 
out  proved  to  be  Stegoinyia.  Stegoinyia  -mosquitoes  ^^'ere  caught 
on  five  other  canoes. 

Warri. — The  Medical  Officer  reports  that  from  75  per  cent, 
to  90  per  cent,  launches  and  steamers  have  mosquitoes,  the  degree 
of  prevalence  of  Stegoinyia  being  small,  the  larval  stage  being 
only  found  on  river-going  steamers  and  canoes.  Warri  being  an 
inland  port  all  the  steamers  and  launches  have  been  tied  up  at 
the  various  wharves  getting  there  ;  this  probably  accounts  for  the 
high  percentage  of  mosquitoes  found  on  board. 

Degema. — Thirteen  ocean-going  steamships  examined,  no  larvee 
found,  but  three  contained  mosquitoes,  two  of  these  vessels  having 
Stegoinyia.  Of  57  steam  launches  and  river  steamers  larvae  were 
found    on    three,  w  hich,  on  hatching    out,  proved  to  be  Stegoinyia  ; 
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on  27  of  these  vessels  mosquitoes  were  observed,  mostl}^  Stegovivin 
Of  1,450  trading  and  carrying"  canoes  very  few  contained  larva;, 
and  in  all  cases  these  were  found  in  pots  used  for  storing  water  ; 
on   hatching  they  were   Stegomyia. 

Bonny. — The  Medical  Officer  reports  main  line  steamers  free. 
Branch  boats  have  a  few  mosquitoes,  larv.ne  found  once  in  twenty 
examinations.  Stern-wheelers  without  exception  harbour  Stcgoi/iyur 
mosquitoes  in  large  numbers.  He  is  of  opinion  that  from  a  breed- 
ing and  distributing  point  of  view  stern-wheelers  are  probably  the 
most  important  \'essels  in  the  country. 

Brass-Akassa. — The  Medical  Officer  has  furnished  a  nil  report. 

Calabar. — Xo  larv;e  on  steamers,  some  adult  mosquitoes,  no 
Stegoniyia.  In  launches  no  larva;,  but  a  few  adult  Stegoiiiyia.  Of 
"j^  lighters  inspected  four  had  larv^,  mostl}'  Ciiie.i,  with  a  few 
Stegoniyia.  1,113  (-^noes  were  inspected,  ten  had  larva.-,  cliiefly 
Culex . 

I   have,  &c., 

H.    B.    S.    MONTGOMKRV, 

/or  Priiuipal  Medical  Officer. 
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REPORT  ON  THE  EXAMINATION  OF  HUMAN  BLOOD  IN  ENGLAND 
FOR  THE  PRESENCE  OR  ABSENCE  OF  "  SEIDELIN  BODIES" 
{Poroplasrna  flavii^cnum,  the  so-called  Parasite  of  Yellow  Fever. 

JOHN    WESTRAY   CROPPER,  m.i;.,  (  h.i;.,  m.sc.  (l'i'ool). 
( ^/'''  /'^^i^'  Howard  McFaddcn  Researches,   The  Lister  Institute  of  Preventive 

Medicine.) 


At  the  request  of  the  Yellow  Fe\'er  (West  Africa)  Commission 
I  have  examined  the  blood  of  a  number  of  persons  resident  in 
England  for  the  presence  or  absence  of  "  Seidelin  bodies."  None  of 
these  persons  had  been  exposed  to  yellow,  fever,  and  with  a  few 
exceptions  the\'  had  not  been  out  of  England.  The  persons  examined 
included  a  large  proportion  of  children,  and  the  majority  of  them,  both 
adults  and  children,  suffered  from  ancTemia.  The  e.xamination  was 
made  owing  to  some  doubt  ha\ing  been  thrown  on  the  nature  of  the 
bodies  described  by  Seidelin,  from  the  fact  that  they  had  been  found 
in  the  blood  of  persons  who  were  not  supposed  to  be  suffering  from 
yellow  fever,  and  also  from  their  discovery  in  the  blood  of  various 
animals,  particularly  }^oung  ones. 

The  bodies  discovered  by  Seidelin  in  the  red  blood  corpuscles  of 
yellow  fever  patients  exhibit  a  variety  of  appearances,  which  depend 
to  some  extent  on  the  stage  of  the  life-cycle  which  the  "  parasite  " 
has  reached.  The  characteristic  appearance  which  has  guided  me  in 
the  search  for  these  bodies  was  the  association  together,  in  the 
corpuscle,  of  a  scarlet  staining  dot  and  a  bluish-grey  area  which  may 
assume  many  different  shapes.  It  was  considered  ad\isable  to  find 
bodies  which  leave  no  room  for  doubt  as  to  their  identity  with  the 
"  Seidelin  bodies." 

Technique, — The  blood  was  in  all  cases  taken  from  the  finger  with 
a  sterile  needle  and  was  transferred  to  a  clean  slide  by  means  of  a 
cigarette  paper.  The  film  thus  obtained  was  dried  b\-  waving  in  the  air, 
and  was  fixed  in  pure  methyl  alcohol  for  about  an  hour.  It  was  then 
stained  in  eosin-azur  solution  for  24  hours,  washed  in  tap  water, 
blotted  dry,  and  mounted  in  canada  balsam,  cedar  oil  or  parolein. 
The  solution  of  stain  was  made  by  dissolving  one  eosin-azur  soloid 
(Burroughs,  Wellcome  &  Co.)  in  10  cc.  pure  methyl  alcohol  and 
diluting  this  to  the  proportion  of  1-20  with  faintly  alkaline  distilled 
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water.  When  properly  stained  to  demonstrate  "  Seidelin  bodies  "  the 
red  corpuscles  appear  a  homogenous  dark  pink  colour,  the  nuclei  of 
the  leucocytes  being  deep  purple  and  their  granules  scarlet.  It  is 
important  to  attend  to  these  details  when  searching  for  the  bodies  in 
such  scant}-  numbers  as  I  ha\e  found,  otherwise  they  may  be  missed 
altogether.  Each  film  reijuires  from  one  to  two  hours'  examination 
to  observe  e\er\-  red  corpuscle. 

Risul/s  of  Examhuxtion. —  In  284  blood  films  from  102  persons, 
68  of  whom  suffered  from  anaemia,  I  haxc  been  able  to  find  five  bodies 
(Plate  i)  similar  in  appearance  to  those  described  by  Seidelin  in 
the  blood  of  }'elIow  fever  patients.  Two  of  the  bodies  occurred  in  a 
child  of  three  }-ears  of  age,  and  the  remaining  three  in  children  aged 
two,  three,  and  ten  respectiveh-.  None  of  these  cases  had  been 
exposed  to  yellow  fever,  but  all  of  them  suffered  from  anaemia.  In 
addition  to  these  about  a  dozen  bodies  were  seen  which,  owing  to 
iheir  minute  size  and  difficult}'  of  distinction  from  artefacts,  have 
been  discarded  as  doubtful.  In  three  other  cases  the  scarlet  dot  was 
found  in  the  corpuscle  without  the  blue  area,  and  in  one  case  the  blue 
staining  jjortion  was  alone  (Plate  I.,  No.  7),  None  of  the  bodies  have 
been  seen  free  in  the  blood.  Several  films  of  fatal  blood  were  taken 
from  the  umbilical  cord  immediateh'  after  birth  but  were  unfortunatel}- 
spoiled. 

The  cases  examined  are  gixen  in  detail  in  the  Tables  I.  to  III., 
and  the  most  typical  bodies  found  are  shown  in  the  accompanying 
coloured  plate. 

I  have  been  unable  to  distinguish  the  bodies  which  I  have  found 
in  human  blood  in  England  from  those  in  the  original  preparations  of 
Seidelin  (some  of  which  I  have  seen),  and  from  the  coloured  drawings 
of  Paraplasjiia-WVQ  bodies  in  papers  by  Macfie  &  Johnston  and 
Wenyon  &  Low. 

I  have  no  opinion  to  offer  as  to  the  nature  of  the  bodies.  Various 
writers  have  already  suggested  their  connection  either  with  the 
development  of,  or  with  degenerative  changes  in,  the  red  corpuscles. 
I  do  not  feel  justified,  from  the  small  number  of  positive  cases,  in 
stating  that  the  bodies  are  due  to  anaemia,  as  several  very  anaemic 
patients  gave  negative  results.  The  finding  of  the  bodies  in  such 
small  numbers  is  so  difficult  that  the}-  ma}'  have  been  missed  in  these 
ca.ses.  The  bodies  were  also  apparently  absent  in  three  cases  with 
nucleated  red  corpuscles,  and  in  three  cases  with  a  leucocytosis. 
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TABLE   I. 

PERSONS   SUFFERING    FROM    AN.-EMIA  :   ADULTS,    AND 
CHILDREN    ABOVE    FIVE    YEARS. 


Number 

No. 

Sex. 

Age. 

Remarks. 

of  films 
examined. 

"  Seidelin  liodies." 

I 

M 

19 

2 

Nil. 

2 

M 

15 

After  diphtheria 

4 

Nil. 

3 

M 

18 

After  scarlatina 

3 

Nil. 

4 

M 

21 

After  pneumonia 

2 

Three  doubtful 
bodies. 

5 

M 

15 

— 

2 

Nil, 

6 

M 

30 

Leucocytosis 

2 

Nil, 

7. 

M 

34 

'  — 

2 

Nil. 

8 

M 

18 

After  scarlatina 

2 

Nil. 

9 

F 

13 

.^fter  diphtheria 

2 

Nil. 

lO 

M 

27 

— 

2 

Nil. 

II 

M 

20 

After  influenza 

4 

Two  doubtful 
bodies. 

12 

F 

18 

Chlorosis 

4 

Nil. 

13 

F 

15 

Chlorosis 

2 

Nil. 

14 

F 

13 

Chlorosis 

2 

Nil. 

15 

F 

12 

After  diphtheria 

2 

Nil. 

16 

F 

10 

Severe  anaemia 

4 

Nil. 

17 

F 

16 

Severe  anaemia 

4 

Nil. 

18 

M 

13 

— 

2 

Nil. 

19 

F 

6 

— ■ 

2 

Nil, 

20 

M 

40 

Malaria  10  years  ago 

4 

Several  doubtful 
bodies. 

21 

F 

8 

Slight  anaemia 

2 

Nil. 

22 

F 

10 

Lymphocytosis 

2 

Nil. 

23 

F 

20 

Cy.stitis 

2 

Nil. 

24 

M 

23 

— 

2 

Several  doubtful 
bodies. 

25 

iM 

5 

— 

2 

Nil. 

26 

M 

8 

— 

4 

Nil. 

27 

AI 

10 

— 

4 

Nil. 

28 

F 

12 

A    few    nucleated 
erythrocytes 

3 

Nil. 

29 

F 

10 

— 

2 

Nil. 

30 

F 

14 

— 

2 

Nil. 

31 

F 

10 

After  appendicitis 

3 

One  ring-shaped 
body. 
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Number 

No. 

Sex. 

Age. 

Remarks. 

of  films 
examined. 

"  Seidelin  liodies.'' 

32 

F 

12 

2 

Nil. 

Zl 

F 

6 

— 

3 

Nil. 

34 

M 

5 

— 

2 

One  doubtful 
body. 

35 

M 

6 

Severe  anaemia 

4 

Nil. 

36 

F 

5 

— 

2 

Nil. 

37 

F 

8 

Slight  anfemia 

2 

Nil. 

38 

M 

6 

— 

I 

Nil. 

39 

M 

10 

After  diphtheria 

2 

Nil. 

40 

M 

12 

Shght  anaemia 

I 

Nil, 

41 

F 

6 

— 

2 

Nil. 

42 

M 

10 

— 

2 

Nil. 

43 

F 

14 

Slight  anfemia 

2 

Nil. 

44 

M 

12 

— 

2 

Nil. 

45 

M 

10 

— 

2 

Nil. 

46 

M 

7 

After  scarlatina 

4 

Nil. 

47 

M 

6 

■ — 

4 

Nil. 

247 


TABLE   II. 


PERSONS    SUFFERING 


FROM  an.*:mia 

FIVE    YEx'\RS. 


("hifdren  under 


Number 

Xo. 

Sex. 

Age. 

Remarks. 

of  films 
examined. 

"  Seidelin  bodies." 

I 

M 

4 

Marked  anaemia 

4 

Nil. 

2 

f 

4 

Slight  anaemia 

4 

Nil. 

3 

M 

4 

Tabes,    marked 
anaemia 

4 

Nil. 

4 

M 

2 

Several  nucleated 
erythrocytes 

4 

Nil. 

5 

F 

2 

— 

4 

One  linear- 
shaped  bodv. 

6 

F 

5 

—    . 

4 

Nil. 

7 

M 

4 

— 

4 

Nil. 

8 

F 

3 

Slight  anremia 

2 

Nil. 

9 

M 

2 

— 

4 

Nil. 

lO 

M 

3 

Slight  anaemia 

2 

Nil. 

II 

M 

3 

A    few    nucleated 
erythrocytes 

3 

Nil. 

12 

F 

3 

— 

3 

Two  bodies 
found. 

13 

M 

2 

— 

3 

Nil. 

14 

F 

3 

After  diphtheria 

3 

Nil. 

15 

M 

3 

Slight  anaemia 

4 

One  irregular- 
shaped  bodv. 

16 

M 

4 

— 

.3 

Nil. 

17 

F 

3 

Severe  anaemia 

4 

Nil. 

18 

F 

3 

— 

4 

Nil. 

19 

M 

4 

After  influenza 

4 

Nil. 

20 

M 

3 

— 

4 

Nil. 

21 

M 

4 

After  diphtheria 

4 

Nil. 
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TABLE   in. 


PERSONS    WHO 


WERE    NOT   AN.^MIC 
CHILDREN. 


ADULTS    AND 


No. 


Sex. 


2 
3 

4 

5 
6 

7 
8 

9 

10 

II 

12 

13 
14 

15 
16 

17 

18 

19 
20 
21 
22 

23 
24 

25 
26 

27 
28 
29 
30 
31 
32 

33 
34 


M 

F 
F 
M 
M 
M 
F 
M 
M 
F 
M 
M 
F 
M 
M 
M 
F 
F 
F 
M 
M 
M 
M 
F 
F 
F 
M 
F 
M 
F 
F 
F 
F 
M 


Number 

Age. 

Remarks. 

of  films 
examined. 

"  Seidelin  bodies." 

38 

Enteritis,   lympho- 

T 

Nil. 

cytosis 

Nil. 

16 

Healthy 

2 

Nil. 

36 

Healthy 

2 

Nil. 

10 

Haemophilia 

2 

Nil. 

7 

Bronchitis 

-> 

Nil. 

12 

Measles 

2 

Nil. 

14 

Nephritis 

2 

Nil. 

18 

Rheumatic  fever 

2 

Nil. 

6 

Healthy 

2 

Nil. 

8 

Measles 

2 

Nil. 

12 

Influenza 

3 

Nil. 

16 

Phthisis 

4 

Nil. 

12 

Healthy 

4 

Nil. 

1 1 

Healthy 

4 

Nil. 

6 

Healthy 

1 

0 

Nil. 

8 

Measles 

2 

Nil. 

5 

Healthy 

4 

Nil. 

5 

Healthy 

4 

Nil. 

22 

Plumbism 

2 

Nil. 

28 

Tonsillitis 

2 

Nil. 

30 

Epilepsy 

I 

Nil. 

28 

Diabetes 

2 

Nil. 

18 

Jaundice 

3 

Nil. 

14 

Tonsillitis 

2 

Nil. 

3 

Healthy 

2 

Nil. 

4 

Healthv 

4 

Nil. 

5 

Healthy 

4 

Nil. 

42 

Diabetes 

4 

Nil. 

14 

Pneumonia 

4 

Nil. 

3 

Healthy 

2 

Nil. 

5 

Healthy 

2 

Nil. 

2 

Rickets 

3 

Nil. 

5 

Healthy 

2 

Nil. 

10 

Diphtheria 

4 

Nil. 
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PLATE   1. 

Bodies  resembling  "  Seideiin  liodies"  found  in  the  blood  of  persons  in  England  who  had 

not  been  exposed  to  Yellow  Fever. 
Nos.  1-5.      Typical  bodies. 
No.    I.     Scarlet  dot  and  irregular-shaped  body. 

„     2.     Scarlet  dot  and  semi-circular  blue  body. 

,,     3.     Scarlet  dot  and  V-shaped  blue  body. 

„     4.     Scarlet  dot  and  linear  blue  body. 

„     5.     Scarlet  dot  and  ring-shaped  blue  body. 

,,     6.     Scarlet  dot  only. 

,,     7.     Two  linear  blue  bodies  only. 
All  figures  drawn  direct  from  the  microscope  with  the  camera  lucida. 
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NOTES    ON    THE    REARING  OF  STEGOMYIA  FASCIATA  IN  LONDON. 

Bv  Malcolm  Evax   MacGregor. 

{W^clicomc  Ihircnu  of  Scientific  Rcscarc/i.) 

{Reprinted  from    "  founial  of  Tropical  Medicine   and  Hygiene" 

Sept.   ist,   Kjij.) 

In  AIa\'  of  this  year  the  Bureau  was  presented  by  Sir  James 
Kingston  Fowler,  Chairman  of  the  Yellow  Fever  Commission,  with 
a  ^Q\w  dried  leaves  of  the  West  African  cottonwood  tree,  on  which 
were  eggs  of  Stegomyia  fasciata,  these  having  been  sent  to  the 
Colonial  Office  by  Mr.  A.  W.  Bacot  from  West  Africa  (Sierra 
Leone). 

The  leaves  had  been  a  fortnight  in  transit  and  had  remained 
at  the  Colonial  Office  for  three  months,  being  thus,  at  the  very 
least,  three-and-a-half  months  in  a  dried  condition  ere  they  reached 
my  hands,  while  from  what  I  hear  they  may  very  probably  have 
been  dried  for  a  considerably  longer  period.  These  leaves  were 
packed  between  grease-proof  paper  in  a  small  cardboard  box,  and 
were  in  a  thoroughly  desiccated  state. 

On  examination  under  the  binocular  microscope  I  found  a  fairly 
large  number  of  eggs  adhering  to  the  leaves,  for  the  most  part 
secured  by  a  fine  deposit  of  dried  mud. 

About  75  per  cent,  of  the  eggs  were  ajDparently  dried  up,  with 
their  shells  crinkled  and  shrivelled,  while  the  rest  looked  normal. 
I  therefore  examined  specimens  of  both  by  breaking  them  open 
with  needles,  and  found  them  to  contain  moisture  and  partly  formed 
larva;. 

The  leaves  were  then  cut  up  into  pieces  about  i  in.  square 
and  placed  on  tap  water  in  glass  containers  and  kept  at  the  tem- 
perature of  the  Laboratory  (i8^  C).  This  was  done  at  11.30  a.m. 
on  April  29,  and  by  9  30  a.m.  the  next  day  the  water  was  crowded 
with  larvai  that  had  hatched  out  in  such  numbers  as  to  leave  me 
in  no  doubt  that  the  shrivelled  eggs,  as  well  as  the  normal,  had 
been  viable. 
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Larval  Food  Supply. 
This  first  generation  of  larvae  was  divided  into  approximately 
equal  numbers  and  placed  in  separate  containers  :  No.  i  containing 
tap  water  contaminated  with  straws  from  horse  manure  and  the 
organic  matter  and  bacteria  thereon  ;  No.  2  containing  fresh  water 
from  the  Serpentine  Lake  in  Hyde  Park.  Both  containers  were 
then  placed  under  equal  conditions  of  light  and  temperature.  Four 
days  later  the  larva;  in  container  No.  i  had  grown  and  greatly 
increased  in  size,  while  those  in  container  No.  2  appeared  to  have 
hardly  grown  at  all,  and  were  moreover  sluggish  in  their  movements 
compared  with  the  former.  The  waters  of  both  containers,  together 
with  the  respective  larv?e,  were  therefore  then  mixed  and  more 
straws  from  the  horse  manure  added. 

Optimum   Teuiperature  zvith  given  Food  Supply. 

To  determine  the  optimum  temperature  with  the  above  food 
supply  for  rearing  the  larv?e  in  the  Laboratory,  eight  lots  of  twenty 
larvae,  of  as  nearly  as  possible  one  size,  were  placed  in  eight  small 
beakers,  together  with  equal  supplies  of  water  from  the  main 
container. 

These  beakers  were  arranged  along  a  copper  sheet,  heated  by 
a  small  Bunsen  flame  at  one  end,  at  varying  distances  from  the 
heated  end,  and  when  the  temperature  of  the  water  in  each  beaker 
had  become  constant,  it  stood  as  follows  : — 

No.   I.     16"      C.  No.  4.     25-9'  C.  No.  7.     if      C. 

No.  2.     19-5^  C.  No.  5.     30-8     C.  No.  8.     41-4^  C. 

No.  3.     23-8     C.  No.  6.     35-2"  e. 

From  the  beakers  at  the  higher  temperature  evaporation  was 
somewhat  rapid,  but  was  compensated  for  by  the  addition  of  tap 
water  in  order  to  keep  the  concentration  of  the  food  supply  also 
constant.  This,  obvioush^  would  not  have  been  the  case  if  water 
from  the  main  container  had  been  used. 

In  order  to  avoid  a  somewhat  unwieldly  table,  giving  dates  of 
pupation  and  emergence  of  first  imagos,  &c.,  the  results  may  be 
briefly  stated  as  follows. 

In  beaker  No.  4  (temperature  25'9^  C.)  the  ]arv;£  seemed  to  do 
best,  and  the  mosquitoes  which  bred  out  from  this  beaker  were 
certainly  the  largest  and  strongest  specimens.  In  No.  3  (temperature 
23-8^    C.)   the    imagos,   when    they   emerged,   were    perhaps    equally 
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fine  specimens,  but  they  were,- as  an  average,  three  days  longer  in 
the  complete  metamorphosis.  At  temperatures  below  this  the  num- 
ber of  da\-s  for  the  metamorphosis  was  considerabl\-  jirolonged.  In 
beaker  No.  i  one  or  two  of  the  larvce  died,  and  the  imagos  on 
emergence  were  undersized  and  somewhat  feeble.  At  the  higher 
temperatures,  that  is,  in  beakers  Nos.  5,  6,  and  7,  the  average  date 
of  emergence  of  the  imagos  was  several  days  in  advance  of  those 
in  beaker  Xo.  4,  and  the  specimens  were  ver\-  much  undersized, 
though  all  were  active  and  apparently  health}-.  The  larvae  in  beaker 
Xo.   8   (temperature  4r4     C.)   all  died  within  a  da}'. 

Thus  it  will  be  seen  that  with  the  food  suppi}-  and  the  light 
conditions  used  the  optimum  temperature  was  from  2^  to  26  C, 
and  this  has  been  the  temperature  adopted  for  the  subsequent 
generations.  At  this  temperature,  and  with  this  food  supply,  the 
average  larxal  period  was  ten  da}-s,  and  the  average  pupal  period  six. 

JJa/t's  a)id  Fonalcs. 

On  emergence  the  male  and  female  mosquitoes  were  transferred 
to  a  small  cage  consisting  of  a  wooden  box  that  had  had  top  and 
bottom  removed  and  screened  with  butter  muslin.  It  was  observed 
that  copulation  took  place  almost  as  soon  as  the  mosquitoes  were 
able  to  fl}%  and  before  an}-  food  had  been  gi\'en  to  them.  The 
mating  took  place  usual)}-  in  mid-air,  and  the  female  was  fertilized 
as  the  pair  flew  slowh^  about,  or,  as  more  often  happened,  the 
female  immediatel}^  settled  on  the  muslin  or  sides  of  the  cage,  and 
copulation  took  place  there,  the  male  being  in  a  peculiar  position 
with  his  back  and  wings  pressed  against  the  support  on  which  the 
female  rested,  with  the  abdomen  arched  upwards. 

It  was  found  that  the  mosquitoes  would  readily  feed  on  a  black 
guinea-pig,  and  this  has  furnished  the  food  supply  for  the  adult 
females.  A  black  guinea-pig  was  used  becaused  a  marked  preference 
was  noticed  in  the  mosquitoes  for  this  colour.  At  one  time  a  white 
animal  was  substituted,  and  the  mosquitoes  could  not  be  induced 
to  attack  it  at  all  readil}-,  even  when  the  hair  on  the  back  was 
shaved  ;  while  the  one  or  two  that  settled  and  commenced  to  feed 
were  instantl}-  disturbed  by  the  slightest  movement  on  the  guinea- 
pig's  part,  and  would  fl}-  off  to  the  far  ends  of  the  cage  and 
remain  there. 
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When  the  white  guinea-pig  was  removed  and  a  black  one  put 
in,  the  mosquitoes  attacked  it  vigorously,  and  no  amount  of  per- 
sistent endeavour  to  drive  them  off  that  the  guinea-pig  indulged 
in  was  successful.  I  have  noticed  partially  gorged  mosc}uitoes  sitting 
on  the  black  animal's  head,  apparently  quite  oblivious  of  the  most 
violent  head-shaking. 

It  was  also  noticed  that  the  mosquitoes,  before  they  had  par- 
taken of  their  first  meal  of  blood,  did  not  attack  the  guinea-pig 
in  the  voracious  manner  they  adopted  at  subsequent  meals,  when, 
as  it  were,  they  had  "  tasted  blood." 

Length  of  Life  in  ]\Lxles  and  Females. 

Under  the  conditions  that  the  mosquitoes  live  at  the  laboratories 
it  has  been  found  that  as  an  average  the  males  live  from  ten  days 
to  three  weeks,  while  the  females  live  from  a  month  to  six  weeks, 
while  some  are  alive  still  after  two-and-a-half  months. 

Feeding  Habits  of  Feniale  and  Ovipositio}i. 

An  a\erage  specimen  female  will  become  completely  engorged 
with  blood  in  from  three  to  five  minutes,  and  when  replete  is  so  heavy 
that  she  can  barely  fl}',  and  usually  prefers  to  hop  off  the  guinea- 
pig  on  to  the  floor  of  the  cage,  and  crawl  up  the  sides,  taking 
refuge  in  the  darkest  place  she  can  find. 

The  eggs  in  the  ovaries  would  seem  to  require  from  three  to 
five  days  in  which  to  become  mature  after  the  blood  meal,  and 
oviposition  was  found  to  have  taken  place  in  all  cases  within  this 
period. 

When  all  the  mosquitoes  have  fed  that  are  inclined  to  do  so, 
it  has  been  the  custom  to  remove  the  guinea-pig  from  the  cage 
and  place  therein  a  small  Petri  dish  partially  filled  with  tap  water, 
or  the  water  used  in  rearing  the  Iarv;e,  with  a  few  small  leaves 
floating  on  the  surface. 

The  eggs  are  deposited  for  the  most  part  directly  on  the  surface 
of  the  water,  but  many  are  also  attached  to  the  leaves  it  is  found. 
In  neither  case,  however,  are  they  laid  with  much  attempt  at  system, 
and  the  best  that  can  be  said  is  that  they  tend  to  be  deposited 
in  irregular  clusters.  Apparently  the  eggs  must  not  be  submerged 
for    any  length    of  time    before    they  hatch,  and  it  has  been  found 


255 

that  water  with  ei,^gs  lloatiiiL;-  on  the  surface,  when  poured  from 
one  vessel  to  another  (and  the  eggs  therefore  thoroughly  wetted), 
causes  the  eggs  to  sink  to  the  bottom  and  very  few  larvie  then 
hatch  out. 

Individual  females  have  made  as  man\'  as  eight  separate  ovi- 
positions,  and  will  feed  again  readily  within  a  da}'  after  laying  each 
batch  of  eggs. 

Males. 

Careful  study  of  the  habits  of  the  male  over  the  period  of  its 
life  within  the  cages  convinces  me  that  while  it  does  not  suck  blood 
as  the  female  does,  yet  it  is  very  fond  of  occasionally  working  its 
proboscis  over  the  guinea-pig's  skin  and  appears  to  draw  up  minute 
quantities  of  sweat  and  saliva  from  a  "  licked  "  part.  Males  are 
often  also  seen  resting  on  the  v>ater  in  the  Petri  dishes,  with  the 
tip  of  the  proboscis  submerged,  and  apparently  drinking. 

The  males  are  most  acti\e  in  the  afternoons,  and  seem  ever 
read}'  to  mate  with  females  on  the  wing,  but  in  no  instance  has 
it  been  observed  that  a  male  will  approach  a  resting  female.  If 
the  sides  of  the  cage  are  knocked  and  the  resting  mosquitoes  made 
to  take  to  the  air,  the  males  immediatel}^  unite  with  the  female 
mosquitoes  and  copulation  ma}'  take  place  while  they  are  both  on 
the  wing,  or  the  female  will  alight  and  the  male  be  driven  against 
the  cage  in  the  peculiar  attitude  that  I  have  described  elsewhere 
in  this  paper. 

When  the  guinea-pig  is  in  the  cage  the  males  show  a  marked 
preference  to  sitting  on  it  rather  than  on  the  sides  of  the  cage, 
and  seem  to  choose  the  tips  of  the  ears  as  a  favourite  resting  place. 
They  will  sit  there  if  not  disturbed  for  an  hour  or  more,  with  the 
plumes  and  antennju  at  times  in  rapid  vibration. 

The  Pupte. 
The  pupal  condition  is  usually  attained  during  the  night,  but 
if  the  larv.e  are  kept  in  a  fairh'  dark  place  this  change  can  be 
observed.  The  fully  grown  larva,  which  is  about  to  pupate,  can 
be  distinguished  by  its  becoming  almost  opaque,  and  of  a  yellowish 
white  colour  except  for  the  head  ;  the  usual  dark  line  in  the  larvce 
that  marks  the  alimentar}-  tract  having  disappeared.  On  [pupation 
the  larval  skin  splits   open  on  the  dorsal    side    of   the    thorax,  and 
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with  much  ^^'^ig■gHng  the  pupa  struggles  out.  This  manceuvre  is 
often  accomph'shed  at  the  bottom  of  the  tank,  and  the  withdrawing 
of  the  "  tail  "  end  seems  to  occasion  the  most  difficulty,  but  the 
change  is  completed  ver\'  rapidly  indeed — often  within  30  sees. 
When  the  pupa  first  emerges  it  is  of  the  same  yellowish-white  colour, 
but  in  the  course  of  a  few  hours  becomes  darker,  and  the  colour 
of  the  pupa  is  a  fair  indication  of  the  stage  it  has  reached  before 
the  emergence  of  the  adult. 


The  Larvce. 

When  first  hatched  the}^  are  about  i  mm.  long  and  0'3  mm.  at 
greatest  breadth,  quite  white,  and  rather  difficult  to  see  if  the  con- 
tainer is  not  placed  on  a  black  background.  The  larv?e  grow  very 
rapidly,  and  in  a  few  hours  at  a  temperature  of  25'  C.  are  much 
larger  and  more  conspicuous  by  the  head  having  enlarged,  and  become 
dark  in  colour. 

For  some  time  it  was  customary  to  give  the  larvae  the  food 
furnished  by  simply  adding  a  few  straws  from  horse  manure  to  the 
water ;  but,  as  one  would  naturally  expect,  the  quantit)-  of  food 
furnished  by  this  means  was  uncertain,  and  while  it  amply  sufficed 
for  their  needs  in  some  instances,  it  was  insufficient  in  others. 
By  accident  a  pellet  of  the  guinea-pig's  faeces  was  added  one  day, 
and  the  larva:^  were  seen  to  feed  greedil}'  upon  it,  even  in  the  presence 
of  an  abundant  supply  of  other  food,  and  since  then  guinea-pig's 
faeces  have  been  regularly  added  to  the  water,  the  larvae  thriving 
splendid  1}^  in  conseciuence. 

With  the  water  from  the  Serpentine  Lake  that  was  used  in  the 
first  experiment,  one  or  two  cyclops  were  introduced,  and  in  the 
subsequent  mixing  of  the  waters  descendants  have  been  introduced 
into  all  the  containers.  They  do  not,  however,  seem  to  interfere 
with  the  larvae,  nor  do  the  latter  appear  to  attack  the  cyclops. 
Nevertheless,  that  the  larvae  like  animal  food  can  be  demonstrated 
by  adding  newly  hatched  larvae  to  the  same  container  that  holds 
well-grown  individuals,  the  young  larvae,  even  if  added  in  large 
numbers,  being  speedily  consumed  by  the  others. 

It  is  common  knowledge  that  the  larvcC  of  mosquitoes  very 
readily  react  to  light,  and  that  the  larvae  of  Stegotnyia  avoid  it  and 
seek  the  darker  places  in  which  to  live,  except  if  forced  into  light 
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when  they  come  to  surface  to  breathe.  Mitchell*  has  recorded  the 
fact  that  some  mosquito  larvae  also  react  to  what  appears  to  be  a 
sense  of  smell,  and  though  I  have  not  seen  it  recorded  elsewhere, 
I  find  that  Stegvi/iyia  larva:  apparently  react  to  sound  as  well.  It 
was  noticed  that  whenever  a  mercury  break,  that  is  attached  to  an 
X-ray  apparatus  in  m\-  laboratory,  was  switched  on,  the  larvae 
immediately  dived  to  the  botton  of  their  containers  when  the  high- 
pitched  note  that  the  mercur}-  break  emits  commenced.  The  X-ray 
apparatus  and  the  containers  are  separated  by  the  length  of  the 
laborator}-,  and  are  some  considerable  distance  apart,  so  that  it  is 
not  due  to  simple  vibration.  Thinking  that  the  container  might 
resonate  with  the  note  of  the  break,  the  larvae  and  water  were 
transferred  to  another  vessel  possessing  a  totally  different  vibration 
period  to  the  first.  However,  as  before,  the  lar\ae  would  immediately 
di\-e  when  the  note  of  the  break  sounded.  It  was  also  found  that 
a  sharp  whistle  would  make  them  react  in  the  same  way. 

Cntil  fully  grown  the  larv;e  of  Stegomyia  are  semi-transparent 
in  parts  of  their  bodies,  but  when  about  to  pupate  they  cease  to 
feed,  and  most  of  the  food  in  the  alimentary  tract  is  either  digested 
and  absorbed,  or  excreted,  and  the  larvae  become  more  opaque 
and  of  a  \-ellowish  colour,  so  that  individuals  about  to  pupate  can 
be  readih'  distinguished. 

'J'/ie  Eggs. 

These  have  been  laid  in  ver}-  large  numbers  about  three  to  five 
days  after  the  females  have  fed,  and  kept  at  a  temperature  of  30'  C. 
(which  has  been  found  to  be  the  optimum  for  the  development  of 
the  eggs  under  the  existing  conditions)  they  ha\e  hatched  in  an 
average  from  three  to  five  da}'s.  The  variation  in  individual  eggs 
from  the  same  batch  in  the  incubation  period  is  remarkable,  however, 
some  being  several  days  longer  in  hatching  than  the  rest,  and  in 
man}-  cases  eggs  laid  at  one  time  b\'  the  same  female  and  kept  under 
precisely  uniform  conditions  will  hatch  out  irregularly  o\er  a  period 
as  long  as  ten  days  or  a  fortnight,  for  some  reason  I  have  not  }-et 
been  able  to  determine.  It  ma}'  possibly  be  a  protective  provision  in 
Xature  to  guard  against  the  chance  of  all  the  lar\"ae  hatching  before  a 
rain  or  other  pool  has  become  established. 

*"  Mosquito  Life."     By  E.  G.   Mitchell  (1907). 
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Remarks. 

Although  the  rearing  of  StcgoDiyia^  after  the  eggs  have  been 
desiccated  and  sent  through  the  post,  has  been  accompHshed  before 
by  several  observers,  notably  by  Theobald,  Newstead,  Francis, 
Peryassu,  and  others,*  yet,  as  far  as  I  can  determine,  the  present 
investigations  at  the  Bureau  have  succeeded  in  producing  the  greatest 
number  of  subsequent  generations  from  such  eggs,  the  sixth  generation 
now  having  been  established  among  my  mosquitoes.  There  has 
been  no  loss  in  the  size  or  vitality  of  the  insects,  and  it  is  now  hoped 
that  with  the  apparatus  that  has  been  constructed  and  fitted  up  in 
the  Museum  of  the  Bureau  that  a  permanent  exhibit  of  the  life- 
history  of  Stcgomyia  fasciata  has  been  set  up  for  obser\ation  by  any- 
one interested  in  the  subject.!  Similar  apparatus  is  also  to  be  used 
in  an  attempt  to  rear  AnopJielines  and  Cnlex  pipiens  in  the  same  way 
for  comparative  purposes. 

It  had  been  hoped  that  experiments  might  have  been  undertaken 
in  comparative  temperature,  experiments,  &c.,  between  Stcgomvia 
fasciata  larvae  and  those  of  Ciilex  pipiens.^  since  in  the  course  of  my 
work  I  was  called  upon  to  determine  the  species  of  a  mosquito  that 
was  found  breeding  in  a  "sump  "  pit  at  the  Highgate  Station  of  the 
Underground  Railway,  and  which  turned  out  to  be  the  latter  insect. 

These  insects  were  breeding  in  enormous  numbers  and  situated 
in  the  "sump"  pit  were  at  a  distance  of  120ft.  below  the  ground. 
The  conditions  were  so  extraordinary  that  I  hope  to  write  a  brief 
note  on  the  subject  for  separate  publication.  I  was  thus  enabled, 
however,  to  obtain  large  numbers  of  larvae  with  which  I  intended 
to  conduct  the  above-mentioned  comparative  studies,  but  they 
unfortunately  speedily  died  in  m}'  laboratory,  due,  1  think,  to  the 
fact  that  they  had  lived  in  complete  darkness  beforehand  and  could 
not  tolerate  the  conditions  I  transferred  them  to. 

Recently,  nevertheless,  I  have  obtained  large  numbers  of  larvae 
of  the  same  mosquito  from  a  different  source,  and  these  are  living  well, 
so  that  I  hope  to  be  able  to  conduct  the  experiments  in  mind  shortly. 

It  is  particularl}'  interesting  to  record  the  fact  that  Dr.  A.  C. 
Stevenson,  of  this    Bureau,   while   engaged    in    searching   for   endo- 


*  See  "A  Text-book  of  Medical  Entomology,"  by  Patton  and  Cragg. 

t  Since  these  Notes  were  first  published  in  the  "  Joiunal  of  Tropical  Medicine  and 
Hygiene  "  other  four  months  have  elapsed,  with  several  successive  generations,  and  the 
mosquitoes  are  still   (January,  19 16)  as  vigorous  as  ever. 
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parasites  in  the  Stcgoniyia  larvae,  discovered  a  ver}-  large  percentage 
to  be  infected  with  Lankesteria  ciclicis.  This  parasite  was  first 
described  b}'  Ross  in  1898,  when  he  found  it  in  Anoplidines  \\\  India, 
and  was  subsequently  found  by  others,  and  b}^  Wenyon  in  Stegomyia 
fasciata  larvae  in  Bagdad.  The  parasite  has  been  particular!}-  care- 
fully studied  and  described  by  the  latter  investigator,*  and  a  record 
of  the  discovery  of  the  parasite  in  the  larvae  I  have  been  working 
with  from  West  Africa  is  to  be  published  by  him  elsewhere. 
("Journal  of  Tropical  ^Medicine  and  Hygiene,"  September  ist,  191 5.) 

By  the  demonstration  once  more  of  the  remarkable  resistance 
of  the  eggs  of  S.  fasciata  to  desiccation,  attention  is  called  again 
to  the  fact  of  what  this  may  very  easily  mean  in  the  distribution  of  this 
mosquito,  and  hence  its  bearing  in  the  spread  of  yellow  fever. 

It  is  clearl}^  concei\-able  that  dried  leaves  with  eggs  attached  might, 
b}-  wind  alone,  be  spread  over  immense  distances,  while  by  export  of 
raw  materials  in  bales  of  all  sorts,  dried  leaves  with  the  eggs  adhering 
could  be  very  well  distributed  to  the  ends  of  the  earth.  Moreover,  the 
hardiness  of  5.  fasciata  would  permit  of  its  establishing  itself  in 
many  places  where  it  is  not  found  to-day,  and  with  the  vector  of 
yellow  fever  present,  the  living  virus — if  such  it  prove  to  be — need 
only  be  introduced  into  the  infested  area  for  the  danger  of  an 
epidemic  to  be  made  manifest. 
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SOME     OBSERVATIONS     ON     FEVERS     INVESTIGATED     IN 
QUITTAH,     MARCH     TO     JUNE,     1914. 

By  G.  E.  H.  Le  Fanu,  M.B.,  CM.  (Aberdeen),  D.T.M.  (Liverpool); 
Wes^  African  Medical  Staff. 

Pending"  the  arrival  of  a  laboratory  outfit,  some  preliminary  work 
was  done  from  Mareh  to  June,  191 4,  and  the  results  are  attached. 
These  are  necessarily  incomplete.  Attention  was  given  chiefly  to 
children,  and  here  the  attempts  to  obtain  material  and  continuous 
observation   generally   met   with  insurmountable  difficulties. 

At  the  very  end  of  June  the  laboratory  outfit  arrived,  but  this 
work  was  unavoidably  interrupted  towards  the  end  of  July. 

The  cases  number  106,  81  children  and  25  adults  from  17  years 
upwards.     The  following  diseases  occurred  amongst  them:  — 


Malaria  ... 
Yellow  Fever     ... 
Helminthiasis    ... 
?  Enteritis 
Typhoid  Fever... 
Pulmonary  Congestion. 
Undiagnosed 


94  (worm  infections  in  11) 

3 

4 
I 

2  (i  doubtful) 
I 
I 


Malarial  parasites  were  found  in  88  of  the  cases  diagnosed  as 
Malaria  :  — 

Subtertian        ...  ...  ...  in     55 

Tertian  ...  ...  ...  ,,       19 

Quartan 

Subtertian   and  tertian 

Tertian  and  Quartan 

Quartan  and  plasiiiodiuiii  tenuc        ,,         V 

Species  not  determined         ...  , ,         5 


An  account  of  this  specimen  was  published  by  Prof.  Stephens  in  the  "Annals  of  Tropical 
Medicine  and  Parasitology,"  Vol.  IX.,  No.  i,  of  i8th  March,  1915. 
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Some  data  regarding  the  occurrence  of  albuminuria  and  jaundice 
are  embodied  in  Table  I.  Albuminuria  was  found  in  a  number  of 
children  under  2  years  of  age,  the  youngest  only  8  months  old. 

Three  cases  of  Yellow  Fever  were  observed.  In  one  (No.  26), 
which  was  fatal,  there  could  be  no  doubt  as  to  the  diagnosis.  In  the 
second  (Case  63)  there  seems  to  have  been  a  latent  malarial  infection, 
as  careful  examination  of  the  thick  films  repeatedly  revealed  the 
presence  of  pigment,  though  no  parasites  were  found  until  the  8th 
day.     The  third  case  (No.  98)  was  slight  and  of  short  duration. 

In  the  two  cases  of  typhoid  fever,  the  bacterial  mfection  could  not 
be  determined,  as  the  means  to  carry  out  the  necessary  tests  and 
cultures  did  not  exist.      In  the  second  case  bacilluria  was  observed. 

Bodies  which  seemed  identical  with  -paraflasma  were  repeatedly 
noticed,  and  ringed  specimens  from  Cases  90,  96,  98  and  99  were 
forwarded  (with  letter  of  25th  June,   1914). 

Table  II.  shows  the  results  of  examinations  of  faeces  for  ova,  &c., 
carried  out  at  Quittah  and  Lome.  In  47  out  of  the  total  of  244, 
ankylostonie  infection  was  found.  This  is  a  very  low  percentage, 
and  is  probably  explained  by  the  majority  of  the  cases  examined 
being  town  dwellers,  and  therefore  living  in  more  satisfactory 
hygienic  surroundings  than  the  population  of  the  "bush."  About 
50  per  cent,  of  the  cases  showed  definite  symptoms  of  ank}lostomiasis. 
Of  these  8  died  (2  at  Quittah  and  6  in  Lome).  The  disease  was 
confirmed  postmortem  in  one  case. 


263 


TABLE    I. 

LIST  OF  CASES  \\T  FH  ALBUMINURIA  AND  JAUNDICE 
(Fever  Cases,  Quittah — March  to  June,   1914.) 


I 

M 

4-1% 

II 

F 

7 

13 

.M 

12 

17 

M 

Adult 

26 

K 

2S 

36 

M 

I 

37 

M 

6 

38 

-M 

5 

41 

F 

\--i 

42 

F 

10 

46 

M 

12 

47 

:\i 

2 

48 

M 

4 

49 

F 

23 

50 

M 

12 

53 

F 

6 

59 

M 

25 

60 

F 

i^ 

62 

M 

IT^ 

63 

M 

26 

66 

F 

5 

tt 

t 

t 
ttt 

t 

ttt 
t 
t 

t 

tt 
tt 

t 
t 

t 

ttt 
t 

t 

ttt 


Worms. 


ttt 


A  scar  is  I. 
? 

Ascan's  I.  (post  mortem) 

? 
Ascaris  I. 
A  Scan's  I. 

? 

? 
Asian's  /. 


Rhabdonema 
p 

Ascaris  I. 
SchistosoniHiii  m. 

Ankylostoinuin  d. 

? 

? 


tt  I     Ascaris   I.    and   Anky- 
I         lostomiim  d. 


? 


.2 

"2 

"n. 

H 

T3 
0 

a 

■5 

Remarks. 

— 

— 

— 

— 

§ 

- 

— 

- 

?  ( lononhcca 

* 

^\ 

— 

— 

Died 

— 

— 

— 

Died 

— 

— 

— 

— 

§ 

— 

— 

— 

Ani<ylostomiasis 

* 

§ 

— • 

— 

— 

t       Slight, 
tt      Marked, 
ttt     Very  marlvcd. 


?  Not  examined. 
*  Absent. 
k   Present. 


264 
TABLE   I.—confini/ed. 


Totals  ... 


s 

4) 

d 

to 

< 

.2 
S 

's 

3 

< 
t 

T3 

C 
3 

* 

Worms. 

.2 

"2 
'0 

a 
>-> 

H 

1 
0 
c 
bfl 

-3 

Remarks. 

71 

M 

5 

? 

— 

— 

74 

F 

16 

tt 

* 

? 

§ 

— 

— 

— 

— 

75 

F 

Ifi; 

t 

* 

? 

§ 

— 

— 

— 

— 

76 

F 

6 

t 

* 

? 

h 

— 

— 

— 

— 

83 

M 

6 

t 

* 

? 

h 

— 

— 

— 

— 

84 

M 

26 

tt 

* 

Rliahdoucitia 

* 

— 

- 

— 

Pulmonary  con- 
gestion 

85 

F 

28 

* 

t 

Triihoicphalus  Ir. 

§ 

— 

— 

— 

— 

90 

M 

45 

tt 

* 

Ascaris  I.  and    Tricho- 
cephahis  tr. 

* 

— 

\ 

— 

— 

92 

M 

18 

t 

*■ 

? 

h 

— 

— 

— 

— 

96 

M 

22 

ttt 

* 

Triihocephalns  tr. 

* 

— 

— 

— 

Pulmonary  con- 
gestion 

98 

M 

26 

t 

t 

Ascaris  I. 

* 

^^ 

— 

— 

— 

99 

M 

17 

t 

t 

? 

* 

— 

— 

v^ 

— 

100 

M 

i-i'i 

t 

* 

? 

y^ 

— 

— 

— 

— 

lOI 

F 

17 

t 

* 

* 

S^ 

— 

§ 

— 

— 

104 

F 

6 

t 

* 

? 

S^ 

— 

— 

— 

-r- 

106 

F 

2 

t 

* 

Ascaris  I. 

^^ 

— 

— 

— 

— 

37 

37 

— 

35 

9 

15 

28 

3 

2 

I 

t       Slight. 
tt      Marked, 
ttt     Very  marked. 


?     Not  examined. 
*     Absent. 
\     Present. 
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TABLE  \II. 

TABLE  SHOWING  INFECTION  WITH  INTESITNAL  WORMS,  &c., 
IN  QUITTAH  AND  LOME. 


Parasites. 


Ascaris  /.     ... 

AnkylostomiDH  and  Necafor 

Trichocephalus  tr. 

Oxyaris  verm. 

Rhabdone7na 

Schistosomuvi  m. 

Bilharzia  fr.  ...  ...  ...  ... 

TcE/iia  (sp.  undetermined) 

Ankylosfome  TiwA  Ascaris   ... 

A/i/cy/osfome,  Ascaris  and  Trichocephalus... 

Afikylosio?ne,  Ascaris,    Trichocephalus  and  Rliah 
donema 

A?ikylostoine,  Ascaris  and  RJmhdonema    ... 

Aiikylostome  and  Trichoceplialus  ... 

Ankylostome  and  Rkiabdonema 

Ankylosto77ie,  Ascaris  and  Schisfosotiiutii  in. 

Ascaris  and  Trichocepiialus 

Ascaris,  Trichocephalus  and  Rhahdo?ieina 

Ascaris  and  Schisfosomum ... 

RJiabdonema  and  Schistosotmim     ... 

Negative 

Totals 


Quittah. 

Lome. 

39 

28 

II 

34 

5 

2 
I 

2 

I 

I 

2 

— 

3 

— 

7 

9 

19 

5 

0 

I 

2 

2 

4 

I 

I 

3 

I 

— 

7 

2 

2 

1 

— 

I 

Total. 


67 

45 

7 

I 

3 
3 
3 

7 

28 

8 


114 


130 


44 


:44 
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FEVER    CASES,    QUITTAH, 


No. 

Date. 

Tribe,  &c. 

Age. 

Sex. 

Temperature 
at  Time  of 
taking  Film. 

Quinine. 

Clinical  Symptoms. 

Parasites. 

44 

4-5-I4 

Akluna 

I 

M. 

T.  loi'^F. 
P.  152 

None 

Fever 
Vomiting 
Convulsions 
Anemia 

Present 
?  species 
Pigmented 
mononuclears 

45 

4.5.14 

Alduna 

2 

M. 

T.  ioo°F. 
P.  128 

None 

Fever 

Cough 

Diarrhrea 

Splenic  enlargement 

Subtertian    ... 

Pigmented 

mononuclears 

46 

II. 5. 14 

Akluna 

12 

M. 

T.  98-6°F. 
P.  78 

E.T.  99-2" 
P.  74 

None 

Jaundice    ... 
Frontal  headache 
Epigastric  pains 
Albuminuria 

Subtertian   ... 
Pigmented 
leucocytes  j 

47 

II. 5.14 

Alduna 

2 

M. 

T.  ior4=F. 
P.  164 

None 

Fever 

Splenic  enlargement 

Vomiting 

.Severe  aniemia 

Albuminuria 

None 

Pigmented 

mononuclears 

48 

II. 5. 14 

Alduna 

4 

M. 

T.  ioi-2''F. 
P.  104 

None 

Fever         

Anosmia 

Vomiting 

Jaundice 

Subtertian    ... 

Pigmented 

mononuclears 

49 

12.5. 14 

Alduna 

23 

V. 

T.  loo'^F. 
P.  104 

None 

Fever 

Pain  in  legs  and  back 

Frontal  headache 

Splenic  enlargement 

Anremia  (Tallquist  50%) 

Bilious  vomit,  15.5. 14 

Albuminuria 

Subtertian   ... 

50 

12.5. 14 

Alduna 

12 

M. 

T.  ioo-4"F. 
P.  72 

None 

Fever 

Pain  back  and  legs 

Frontal  headache 

Albuminuria 

Quartan 

51 

I3-5-I4 

Syrian 

4 

M. 

T.  io3°F. 
P.  130 

None 

Fever,  i  day 

Tertian  and 
subtertian 
Pigmented 
mononuclears 

52 

I4-5.I4 

Alduna 

21 

M. 

T.  99-6"  F. 
P.  72 

None 

Fever 

Frontal  headache 
Pain  in  back  and  legs 
Splenic  enlargement 

Subtertian   ... 

53 

18.5. 14 

Alduna 

6 

F. 

T.  102 -6°  F. 
P.  112 

None 

Fever 

Splenic  enlargement 

Albuminuria 

Suljtertian   ... 

Pigmented 

mononuclears 

i 
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MAY    AND    JUNE,     1914. 


Albuminuria. 

Jaundice. 

Caus2  of 
Jaundice. 

Fever. 

Cause  of 
Fever. 

Ova  in  Stojis. 

Diagnosis. 

Remarks. 

Urine     not    ob- 
tainable 

None 

Present 

Malaria 

None       

E.  hystoUtica 

Malaria 
Complicated 

later  on 

with 

Amoebic 

Dysentery 

Died  1 5.5. 14 

Urine     not    ob- 
tainable 

None 

■ — • 

Present 

Malaria 

— 

Malaria 

Recover)- 

Present   (marked 
opacity)  up  to 

I3-5-I4 
Bile  pigment  on 
13th  and   15th 

Marked 

? 
IlJl- 
minthic 
(A  sea- 
rids) 

Slight 

Malaria 

A  scar  is  1 . 

Malaria 
with 
Ascariasis 

Recovery 

Present  (opacity) 

None 

— 

Present 

Malaria 

None  found 

Malaria 

Died  14.5. 14 

None 
Compound 
Protein 

Slight 
on 
14.5. 14 

? 

Present 

Malaria 

■ 

Malaria 

Recovery 

Present  (slight) 
up  to  16.5. 14 
No  bile,  &c. 

Present, 
fading 
on 
16.5.14 

? 
Haima- 
togenous 

Present 

Malaria 

Kliabdonetua 
embryos 
numerous 

Malaria 
with 

Strongyloid 
infection 

Recover)' 

Present  (slight) 

None 

— 

Present 

Malaria 

- 

Malaria 

Recovery 

Urine     not     ob- 

None 

Present 

Malaria 

Malaria 

Recovery 

tainable 

■ 

None 

None 

Present 

Malaria 

Malaria 

Recovery 
P  Reinfected. 

Same  case 
as  No.  24 

Present     (slight) 
up  to  22.5.14. 
Recurred 
26.6.14 

None 

Present 

Malaria 

Ascaris  I. 
Schistosoiiniiii  iii. 

Malaria 
with  Hel- 
minthiasis 

Recovery 
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Fever  Cases,  Quittah, 


No. 

Date. 

Tribe,  &c. 

Age. 

Sex. 

Temperature  at 

time  of 

taking  Film. 

Quinine. 

Clinical  Symptoms. 

Parasites. 

54 

18.5-14 

Aid  una 

0 

M. 

T.  100°  F. 
P.  120 

None 

Fever 
Diarrhcea 

Stomatitis 

?  Subtertian... 

Pigmented 

mononuclears 

55 

18. 5.14 

Alduna 

2 

F. 

T.  105°  F. 
P.  iSo 

None 

Fever 

Splenic  enlargement 

Severe  anaemia 

Vomiting 

Subtertian   ... 

Pigmented 

mononuclears 

56 

19-5-14 

Mulatto 

4 

M. 

T.  loo-S-  F. 
P.  124 

None 

Fever 

Splenic  enlargement 

Impetigo 

Subtertian   ... 

Pigmented 

mononuclears 

57 

19-5-14 

Alduna 

4-fi^ 

F. 

T.  103-4    F. 
P.  142 

None 

Fever 

Headache 

Epigastric  pain 

Diarrhoea 

Cough 

Severe  anaemia 

Subtertian   ... 
Pigmented 
leucocytes 

58 

21. 5.14 

Alduna 

5 

F. 

T.  98^^  F. 
P.  100 

None 

Diarrhoea  ... 

Bronchitis 

Splenic  enlargement 

None 

Copious  pig- 
ment in 
thick  film 

59 

21. 5.14 

Alduna 

25 

M. 

T.  1027"'  F. 
P.  104 

None 

Fever 

Frontal  headache 

Pains  in  legs  and  abdomen 

Albuminuria 

None 

60 

22.5.14 

Alduna 

IVi 

F. 

T.  104-8'  F. 
P.  140 

None 

Fever 

Albuminuria 

Subtertian    ... 

Pigmented 

mononuclears 

61 

22.5.14 

Alduna 

Irs 

F. 

T.  I04"F. 
P-  139 

None 

Fever         

Splenic  enlargement 

Subtertian    ... 

Pigmented 

mononuclears 

62 

23.5.14 

Alduna 

i| 

M. 

T.  io3-8°F. 
P.  176 

None 

Fever 

Splenic  enlargement 

Albuminuria 

Subtertian    ... 

Pigmented 

mononuclears 

63 

23-5-14 

Kposo 

26 

M. 

T.  ioi-8"F. 
P.  140 

None 

Fever 
Jaundice 
Epigastric  pain 
Photophobia 
Vertigo 
Alljuminuria 

Splenic    enlargement    on 
30.5-14 

None 

.Sulitertian  on 
30-5-14 

64 

25-5-I4 

Alduna 

H% 

F. 

T.  i04°F. 
P.  160 

None 

Fever         

Diarrhoea 

Subtertian    ... 

65 

25-5-14 

Alduna 

12 

F. 

T.  loo^F. 
Pulse  u  n- 

countable 

None 

Fever 

Splenic  enlargement 

Subtertian    . . . 
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May  and  June,   19 14 — continued. 


Albuminuria. 


Urine  not 
obtainable 


None 


None  ■•,-... 


Jaundice. 


None 


None 


None 


None      ...         ...    None 


Com])oiind 
protein 


Severe  and  per- 
sistent 


Present  (slight) 


None 


Present  (trace) 


severe    ... 


Urine  not 
obtainable 

Urine  not 
obtainable 


Cause  of 
Jaundice. 


Fever. 


Cause  of 
Fever. 


Present      Malaria 


Pre.sent 


Present 


Present 


None 


None 


Noni. 


None 


Present 


Present 


None 
None 


Malaria 


Malaria 


Malaria 


Ova  in  Stools. 


Ascaris  I. 


Diagnosis. 


Ascaris  I. 


Present     ?  Hel- 
minthic 


Present 


Present 


Present 


Present 


Present 
Present 


Malaria 


Malaria 


Malaria 


Yellow 
fever 


Ankylosl0)iiUJU  d. 


Malaria 
with 
Stomatitis 

Malaria 
with 
Ascariasis 


-Malaria 
with 
Impetigo 

Malaria 
with 
Ascariasis 


Malaria 
with 
Bronchitis 


Anky- 
lostomiasis 


Ankylosloiiniiii  d. 


Malaria 
Malaria 


None 


Malaria 


Malaria 


Mala 


Yellow  fever 


Malaria 


Malaria      ... 


Recovery 


Recovers 


Recovery 


Recovery 


Recovery 


Improved. 
Refused 
treatment. 
{See  Notes) 

Recovery 


Recovery 


Recovery 


Recovery 
"  Seidelin 
body  "  on 
26.5.14 

{See  Notes) 


Recovery 


Recovery 
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Fever  Cases,  Quitxah, 


No, 


66 


67 


69 


70 


71 


72 


73 


26.5.14 


26.5.14 


28.5.14 


28.5.14 


28.5.14 


29.5.14 


29.5.14 


305-14 


Tribe,  &c. 


Alduna 


Alduna 


Alduna 


Alduna 


Alduna 


Alduna 


Alduna 


Alduna 


Age. 


Sex. 


74 


30.5.14 


Alduna 


75  I     1. 6.14      Alduna 


2,% 


4i=. 


16 


F. 


M. 


M. 


M. 


M. 


Temperature 

at  time  of 
taking  Film. 


T.  ioi-6°F. 
P.  144 


T.  99 -6^. 


T.  ioo°r. 
P.  100 


T.  ior8°F. 
P.  102 


T.  i05"F. 
P.  150 


T.  I04-6°F. 
P.  109 


T.  99"F. 
P.  100 


T.  103-F. 
P.  uncount- 
able 


Quinine. 


Clinical  Symptoms. 


None        Fever 

Splenic  enlargement 

None      I  Fever 

Splenic  enlargement 


None 


None 


F.      T.  ioo°P. 
i  P.  98 


F,      T.  io3-6°F. 
P.  160 


None 


None 


None 


P"ever 

Headache 

Vomiting 

Splenic  enlargement 


Fever 

\'omiting 

Epigastric  tenderness 
Frontal  headache 


None 


None 


]""ever 


Fever 
Convulsions 


Fever 
Wimitini. 


Fever 
Strabismus 
Vertical  nystagmus 
Tonic  spasms 
Trismus 
Head  retraction 
Kernig's  sign 
Coma 

Splenic  and  Lepatic    en- 
largement 

Fever 

Frontal  headache 

Pain  in  neck,    back    and 

legs 
Amemia 
Splenic  enlargement 


j  Fever 

'  Convulsions 

Stupor 
'  Vomiting 


Subtertian   ... 

Pigmented 

mononuclears 

Subtertian  ... 
Pigmented 
leucocytes 

None  found... 

Many  pig- 
mented mo- 
nonuclears 


Subtertian    ... 

Pigmented 

mononuclears 


.Subtertian    ... 
Pigmented 
leucocytes 


Subtertian 


Subtertian 


Subtertian  ... 
(in  enormous 
numbers) 


Subtertian  ... 


Subtertian 
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May  and  June,   1914 — continued. 


Albuminuria. 

J.-iundice. 

Present  (slight) 

None 

L'rine  not 
obtainable 

None 

None 

Compound  pro- 
tein 

None 

None      

None 

None 

None 

Present    (slight 
( ipalescence) 

None 

Urine  not  obtain- 
able 

None 

Urine  not  obtain- 
a])le 

None 

■ 

Present  (marked) 

None 

Present  (trace)  ... 

1 
i 

None 

Cause  of 
Jaundice. 


Tp  Cause  of 

r  ever.  t^ 

t ever. 


Present     Malaria 


Present     Malaria 


Present 


Present 


Present 


Present 


Present 


Present 


Present 


Present 


Malaria 


Malaria 


Malaria 


Malaria 


Malaria 


Malaria 


Malaria 


Malaria 


Ova  in  Stools. 


Asian's  I. 


Diagnosis. 


Malaria 


Malaria 


Malaria 


Malaria 


Malaria 


Malf 


Malaria  with 
Ascariasis 


Malaria 


Malaria 


Remarks 


Recovery- 


Recovery 


Recovery 


Recovery 


Recovery 


Recr 


.•ery 


Recoverv 


Died  2  p.m. 
30.5.14 


Recovery 


Malaria 


Recovery 
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Fever  Cases,  Quittah, 


No. 

Date. 

Tribe.  &c. 

Age. 

Sex. 

Temperature 

at  time  of 
taking  Film. 

Quinine. 

Clinical    Symptoms. 

Parasites. 

76 

I.6.I4 

Alduna 

6 

F. 

T.  98-S°F. 
P.  140 

None 

Fever 

Subtertian  ... 

77 

1.6. 14 

Alduna 

A 

F. 

T.  io3°F. 
P.  176 

None 

Fever 
Colic 

Convulsions 
Diarrhoea 

None 

No    pigment 
in  thick  Film 

7^ 

2.6.14 

Alduna 

4 

M. 

T.  ioo-4°F. 
P.  100 

None 

Fever 
Abdominal  pain 

Subtertian  ... 
Pigmented 
leucocytes 

79 

4.6.14 

Alduna 

36 

M. 

T.  99-3^^F. 
P.  88 

None 

Fever 

Subtertian  ... 

So 

4.6.14 

Alduna 

7 

M. 

T.  99-6^F. 
P.  88 

None 

Fever 
Colic 

Subtertian   ... 

81 

4.6.14 

Alduna 

26 

F. 

T.  ioo-2°F. 
P.  104 

None 

Fever          

Anremia 

Gidema,  legs  and  feet 

Tertian 

82 

4.6.14 

Alduna 

7 

M. 

T.  99-8°F. 
P.  89 

None 

Fever 

Splenic  enlargement 

Subtertian    .. 

83 

4.6.14 

Alduna 

6 

M. 

T.  i04°F. 
P.  117 

None 

Fever 
Headache 

Conjunctival  injection 
Splenic  enlargement 
Vomiting 

Subtertian   .. 

84 

5.6.14 

Grunshi 

26 

M. 

T.  ioi-6"F. 
P.  96 

None 

Fever 

Tenderness  over  liver 

Pulmonary  congestion 

Albuminuria 

None 

85 

5.6.14 

Alduna 

28 

F. 

T.  99°F. 
P.  84 

None 

Fever         

Pain  chest  and  back 

Subtertian   ... 

86 

5.6.14 

Grunshi 

i>^ 

M. 

T.  104 -S'F. 
P.  116 

None 

Fever 

Splenic  enlargement 

.Suljtertian    . 

klAY    AND    JtJNF.,     1914  —  CO/lflfllted. 


Albuminuria. 

Jaundice. 

Cause  of 
Jaundice. 

Fever. 

Cause  of 
I'ever, 

Ova  in  .Stools. 

Diagnosis. 

Remarks. 

Present  (trace)  ... 

None 

— 

Present 

Malaria 

— 

INIalaria 

Recovery 

Urine  not  obtain- 
able 

None 

— 

Present 

p 

None 

?  Enteritis  ... 

Died  1 1.6. 14 

None 

None 

— 

Present 

Malaria 

Ascan's  1. 

Malaria  with 
Ascariasis 

Recovery 

None    (large 
mucous  casts) 

None 

— 

Present 

Malaria 

— 

Malaria 

Recovery 

None 

None 

— 

Present 

Malaria 

A  scar  is  I. 

Malaria  with 
Ascariasis 

Recovery 

None 
Compound 

protein 
Epithelial  casts 

and  debris 

None 

Present 

Malaria 

Malaria 

Recovery 

None      

None 

— 

Present 

Malaria 

— 

Malaria 

Recovery 

Present  (trace)  ... 

None 

— 

Present 

Malaria 

— 

Malaria 

Recovery 

['resent  (marked) 
Bile  salts  on 
6.6.14 

None 

— 

Present 

? 

Khabdonema 
embryos 

Helminthiasis 
with 

pulmonary 
congestion 

Recovery 
[See  Notes) 

None      

Slight 

? 

Present 

Malaria 

Trichocephalus  tr. 
E.  hystolifica 
on  12.6. 14 

Malaria 
followed  by 
Dysentery 

Recovery 

None 

None 

Present 

Malaria 

— 

Malaria 

Recovery 
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Fever  Cases,  Quittah, 


87 


88 


90 


91 


92 


8.6.14 


11.6.14 


11.6  14 


II. 6.14 


11.6.14 


11.6.14 


93 


94 


95 


96 


97 


12.6. 14 

12.6. 14 
15.6.14 
15.6.14 

15.6.14 


Tribe 


Aid una 


Alduna 


Alduna 


Alduna 


Alduna 


Alduna 


Alduna 


Eunipean 


Alduna 


Alduna 


Alduna 


Age. 

Sex. 

I 

M. 

7 

F. 

I 

iM. 

45 

M. 

2-h 

M. 

18 

M. 

Adult 

F. 

43 

M. 

2 

F. 

22 

M. 

4 

F. 

Temperature 

at  time  of 

taking  Film. 


T.  io3^F. 
P.  120 


T.  ioi-6'F. 
P.  no 


Not  taken 


Sec  Notes 


T.  98" F. 
P.  76 


T.  loo^F. 
P.  119 


T.  100  F. 
P.  99 


T.  98  •4' F 
P.  144 


T.  102  F. 
P.  119 

T.  100 -j'F. 
P.  96 


T.  103 -8= F 


Quinine. 


Nc 


None 


None 


None 


None 


None 


None 


None 


Xmu 


None 


None 


Clinical  Symptoms. 


Fever 

Purulent  ophthalmia 

Cough 


P'ever 


Fever 
Stupor 


Fever 

Conjunctival  injection 
Splenic  enlargement 
Albuminuria 


Fever 


Fever 

Headache 

Vomiting 

Diarrhr.ea 

Conjunctival  injection 

iVlUuminuria 


Fever 

Articular  pain 
Anaemia 


Fever 

Vomiting  (?  alcoholic) 

Fever 


Fever 

Pulmonary  congestion 

Albuminuria 


Fever 

Splenic  enlargement 

Anaemia 


Parasites. 


Subtertian 


Tertian 


Subtertian 


Nor 


Subtertian 


Tertian 


Subtertian 


Tertian 


Sul)tfrtian 


None 


Tertian 

and 
Subtertian 
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Iay  and  June,   1914 — cofitinued. 


Albuminuria.  Jaundice. 


Urine  not  obtain- 
able 


None 


None      ...  ...    None 


None 

Compound 
protein 

I'lesent   (marked) 


None 


Present   (slight) 


None 


None 


Urine    not   ol) 
tainable 


Severe    ... 

(?  Gonorrhoea!) 


Urine    not   ob- 
tainable 


Cause  of 
Jaundice. 


None 


None 


None 


None 


None 


None 


None 


None 


None 


p'ever. 


Cause  of 
Fever. 


Present 


Present 


Present 


Present 


Present 


Present 


Malaria 


Malaria 


Malaria 


Ova  in  Stools. 


Diagnosis. 


Remarks 


Ascaris  I. 
Typhoid     Trichocephalus  tr. 


Malaria 


Malaria 


Present     Malaria 


Present 


Present 


Present 


Present 


Malaria 


Malaria 


Pulmo- 
nary 

conges- 
tion 


Malaria 


Non?; 


'J'richocephalus  li 


Malaria  with    Recovery 
Ophthalmia 


Malaria 


Malaria 


Typhoid 


Malaria 


Malaria 


Malaria 


Malaria 


.Malaria 


Recovery 


Recovery 


Recovery 
"  Seidelin 
bodies  " 
on  13. 6. 14 

[See  Notes) 


Recovery 


Recovery 


Recovery 


Recovery 


Recovery 


Pulmonary    1  Recovery 
congestion  '   "  Seidelin 
bodies," 
15  and 
16.6. 14 

Malaria      ..      Recovery 
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Fever  Cases,  Quittah, 


No. 

Date. 

Tribe. 

Age. 

Sex. 

Temperature 

at  Time  of 

taking  Film. 

Quinine. 

Clinical  Symptoms. 

Parasites. 

98 

17.6.14 

Atsina 

26 

M. 

T.  102 -S'F. 
P.  85 

None 

Rigor 

Headache 

Loin  pains 

Fever 

Faget's  sign 

Albuminuria 

Conjimctival  injection 

None 

99 

17.6. 14 

Alduna 

17 

M. 

T.  99-2°  F. 

P.  74 

None 

Rigor 

Fever 

Jaundice 

Pain  over  liver 

Vomiting 

Albuminuria 

None 

100 

19.6.  14 

Alduna 

l^^ 

M. 

T.  103"  F. 
P.  140 

None 

Fever 

Vomiting 

Albuminuria 

Tertian 

lOI 

22.6.14 

Alduna 

17 

F. 

T.  I02-6"  F. 
P.  120 

None 

Fever 

Headache 

Albuminuria 

Present  (very 

scarce) 
?  species 

102 

23.6.14 

Alduna 

7 

M. 

T.  103-6^  F. 
P.  140 

None 

Fever 

Headache 

Splenic  enlargement 

Tertian 

Many  pig- 
mented 
leucocytes 

103 

24.6.14 

Mulatto 

12 

M. 

T.  104-8°  F. 
P.  145 

None 

Rigor 

Fever 

Headache 

Splenic  enlargement 

Tertian 

104 

25.6.14 

Alduna 

6 

F. 

T.  ioi-8^F. 
P.  120 

None 

Fever         

Diarrhcea 

Cough 

Alliuminuria 

?  (Quartan 
Pigment  in 
mono-  and 
polynu- 
clears 

105 

25.6.14 

Alduna 

ih 

F. 

T.  99-6°  F. 
P.  120 

None 

Fever          

Splenic  enlargement 

Tertian 

106 

25.6.14 

Alduna 

2 

F. 

Net  noted 

None 

Fever 

Splenic  enlargement 

Albuminuria 

Anremia 

Tertian 

V/ 


Iay  and  June,   1914 — continued. 


Albuminuria. 


Present  (slight)...    Present 


r         J.  Cause  of         r-„..,. 

Jaundice.  ,  j^^^jj^.       Fever. 


Present  (slight)  on 
17.6.14  only 


['resent  (opacity) 


Present  (slight). 


None 


Present 


None 


None 


None 


Hema- 
togenous 


Present 


None      ...  ...    None 


Present  ... 

Deposit  contains 
granular  casts 
and  epithelial 
debris 


Urine  not  obtain' 
able 


Present  (trace) 


None 


None 


None 


Present 


Present 


Present 


Present 


Present 


Present 


Cause  of 
Fever. 


Ova  in  Stools 


Yellow 
Fever 


Malaria 


Typhoid 


]SIalaria 


JMalaria 


Malaria 


A  scar  is  1. 


None 


Present     Malaria 


Present 


Malaria 


A  Star  is  I. 


Diagnosis.      I        Remarks. 


\'cllow  I   Recovery 

Fever  [See  Notes) 


Recovery 


Malaria 


?  Tyjihoid  .. 


Malaria 


Malaria 


Malaria 


Malaria 


Malaria 
with 
Ascariasis 


Recovery 


Recovery 
"  Seidelin 

bodies  " 

found 
[See  Notes) 


Recovery 


Recovery 


Recovery 


Recover V 


Recovery 


W 


27b 


Case  ^g. 

THE    CASE    OF    OKPITA 

21.J.14.. — Okpita,  male,  25,  Alduiia.  "  I  had  abdominal  pain 
yesterday  morning.      Fever  commenced  last  niglit. ' ' 

Temperature  102,  pulse  104,  ■\veak  and  compressible.  Pain  in  legs 
and  lower  part  oi  abdomen.  Slight  epigastric  tenderness.  Eyes  moist  and 
slightly  injected.  Blood  :  No  parasites.  Urine :  Heavy  deposit  of 
albumin  on  boiling.  1^  Sp.  Aetheris  Nitr.  5ss,  Liq.  Am.  Acet.  Con.  7)SS. 
statim. 

2.30  p.m.  Temperature  loc,  pulse  82,  tension  increased.  Urine, 
6  ozs.  ;    albumin   |. 

3.20  p.m.      lilood  :    Xo  parasites  and  no  pigment. 

8.30  p.m.  Temperature  99*4,  pulse  82-84,  ol'  fair  tension.  Urine, 
8  ozs.,  all)uminous.      Strong  sweat. 


22.^.14. — Urine:   5.30  a.m.,   2  o/s.  ;  albumin    .' 


7.5  a.m.      Urine,   7  ozs.,  albumin  ^. 

8  a.m.      Temperature,   99.      Blood  :    No  pigment  and  no  parasites. 
1.5  p.m.      Urine  :  All)umin  \. 

3.15   p.m.      Temperature  98*6,   pulse  95.       Blood:    No  pigment  and 
no  parasites. 

7.30  [).m.      Blocjd  :   No  pigment  and  no  parasites. 

9  p.m.      Urine  :  Alljumin  \. 

23.^.14. — Temperature   984,    pulse    76.       Urine,  albumin     r.       Stool: 
^Vry  numercnis  ankylostome  eggs. 

12  a.m.      Urine  6  oz.,  albumin    \. 

3.40    p.m.        Temperature      984,       pulse      80.      Discharged      under 
oI)servation. 

24.^.14. — Temperature  98,  pulse   76.    Allnimin  4. 

2^.^.14. — Urine,  albumin  g-. 

1.0.14. — Temperature  98'4,   pulse  75.     Urine:   Allnmiin  ~^j^. 

Is  suffering  from  ankvlostomiasis,   and  refuses  treatment. 
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Mediad  JJeparfm^^ftt,  Gold  fmst  fvlofiy. 

Clinical  Chart  of  Temperature 
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Case    63. 

THE  CASE  OE  KPESU. 

Kpesu,  male,  aged  26,  scavenger,  from  Kposo  in  Togoland,  resident 
five  months  in  Quittah,   was  admitted  to  hospital  23.5. 1914. 

"  He  was  suddenly  taken  ill  on  May  20th,  while  working  in  the  market- 
place. The  illness  commenced  with  abdominal  pain,  then  pain  in  back, 
shoulders  and  neck,  and  strong  frontal  headache.  He  had  a  serious  rigor 
lasting  until  the  next  day,  and  was  confined  to  his  bed  with  a  strong  fever 
for  three  days,  during  which  time  he  was  very  weak,  could  not  take  food, 
and  had  looseness  of  the  bowels.  On  the  23rd  he  felt  a  little  better  and 
came  to  hospital." 

State  on  admission  :  Temperature  loi'S,  pulse  140.  Marked  pro- 
strations. Tongue  coated,  cleaner  at  tip  and  edges.  Vertigo.  Eyes 
injected.  Photophobia.  Distinct  jaundice  of  scleras.  Great  tenderness  to 
pressure  over  epigastrium.  Spleen  and  liver  not  palpable — any  handling 
causes  gi-eat  pain.  Pain  around  shoulders  and  back  of  neck.  Nq  nausea. 
Urine:  Acid,  heavy  deposit  of  albumin.  Blood:  No  malarial  or  other 
parasites.  Two  pigmented  leucocytes  found  in  thick  film  after  prolonged 
examination.     Normoblasts. 

Polynuclears 
Lymphocytes 
Mononuclears 
Neutrophil   Myelocytes 


II     a.m.        Blood:    No     parasites     and     no     pigment      (examination 
I J  hours)  :  — 

Polvnuclears     ...  ...  ...       ....  32*2 


29-4 

680 

1-6 

10 

lOO'O 

Lymphocytes 
Irritation  forms 
Mononuclears 
Neutrophil  Myelocytes 


65-6 

0'2 
I"2 

0-8 


12  a.m.  3^^  ozs.  urine:  acid,  high-coloured,  slightly  turViid. 
Albumin  ^.  No  bile  salts  or  pigment.  Deposit  :  A  few'  pus  cells  and  a 
few  \ery  small  casts. 

Patient  states  he  had  gonorrhoea  since  four  months  ago. 

3.13  p.m.      Urine  4  ozs.  :   acid,    albumin  jL. 

3.40  p.m.      Temperature  io2'6,  pulse  120. 

4.30  p.m.  Blood  :  No  parasites  and  no  pigment  (thick  film,  15 
minutes). 

24.J.14.. — 5.50   a.m.      Urine    lo-J-   oz;s..    acid,  allnimin  y^-. 

6  a.m.      Temperature  99°  F..   pulse  78. 

9.50  a.m.      Temperature  98'4,    inilse  75. 


281 

9-55  ''■'"•  Urine:  6j  ozs.,  acid,  albuminous.  Stool:  Eggs  of 
Ascar/s  /.,  and  aiikyiosiojuum. 

10.45  ^•"^-  Blood  :  No  parasites,  I  pigmented  leucocyte  in  thick 
tilm  (15  minutes). 

II  a.m.  Jaundice  pronoiinced.  Tongue  clean  at  tip  and  edges, 
whitish  fur  on  dorsum,  the  papillae  showing  as  red  points.  Glabellar 
headache  and  severe  epigastric  pain.     Marked   prostration.      Pulse  94. 

3  p.m.  No  headache.  Pain  over  epigastrium  and  liver.  Tem- 
perature 99' 7,  pulse  81.  weak  and  compressible.  Blood  :  No  parasites 
and  no  pigment  (i  hour). 

4.30  p.m.      Temperature  100,    pulse  99. 

6.40  p.m.      Urine  6\  ozs.,   albumin  =  -^-^. 

6.45  p.m.      Temperature   loi,  pulse   100. 

8.30   p.m.      Tem])erature  988.    pulse    76.       Epigastric   pain. 

2=,. ^.14. — 1.5   a.m.      Urine  7   ozs.,   acid,   albuminous 

3.50  a.m.      Urine  6^  ozs.,  acid,    albuminous. 

8.30  a.m.  Urine  3^  ozs.,  high-coloured,  turlnd,  deposit  contains 
granular  casts,    albumin    o\y- 

9.20  a.m.  Temperature  978.  pulse  96.  Blood  :  No  parasites,  2 
pigmented   mononuclears   in   thick   film. 

2.40  p.m.  Temperature  98'6,  pulse  92.  Blood  :  No  parasites  and 
no  pigment.  Urine  7^  ozs..  clear,  albumin  =  transparent  opacity,  no 
deposit  on  centrifuging.  No  headache  or  epigastric  tenderness.  No 
s])Ienic  enlargement. 

4.30  p.m.      Urine    li   ozs..    clear,    acid,    albumin  =  o[)acity. 

7    p.m.      Urine  9   ozs..  clear,   albumin  =  opacity. 

9.20  p.m.  Urine  8|  ozs.,  clear,  acid,  albumin  =  faint  opacity. 
Epigastric  |)ain.  No  headache.  Temperature  974.  inilse  98,  feeble  and 
compressible.      Patient  is  very  weak. 

26.^.14.. — 8  a.m.  Urine  6-^-  ozs.,  high-coloured,  clear,  acid, 
albumin  =  transparent  opacity. 

10.45  ^-m.  Temperature  98'4,  pulse  91.  Jaundice  is  fading. 
Epigastric  tenderness.  No  headache.  Blood  :  No  parasites  and  no 
pigment,    i    "  Seidelin  body." 

3.10  p.m.      Urine  6  ozs..   clear,   acid,  albumin  =  transparent   opacity. 

4  p.m.  Temperature  99'4,  pulse  96.  Blood  :  No  parasites.  4  pig- 
mented mononuclears  in  thick  film  (f  hour). 

27.5.7^. — 6.30    a.m.  Temperature  9S'6.     pulse   99.       Urine   4  ozs., 

clear,     very     faint    trace  of    albumin,  and     some     compound      protein. 

R  T.  Strophanth.   n\x.,  T.  Nucis  Vomic,  111  x-,  T.  Gent.  Co.  lllx.  Aq.  ad  5J. 
t.d.s. 

3  p.m.  Temperature  98'4.  pulse  93.  Tongue  clean.  Jaundice 
fading.  Marked  improvement  of  general  condition  :  patient  looks  bright, 
feels  stronger,  no  headache,  etc.  Appetite  is  asserting  itself.  Urine  : 
Acid,  clear,  albumin  =  faint  opacitv. 

28.^.14. — 9   a.m.      Urine:    clear,   acid,    no  deposit,  albumin  =opacit\ 
Temperature   98'4.    pulse   75.      Jaundice  still    distinct,   but    lessening. 
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lo  a.m.      Pulse  95.      Discharged  under  observation. 

2g.j.i4. — 9  a.m.  Urine  acid,  Albumin  =  marked  opacity.  Tem- 
perature 984,  pulse  92.     Jaundice  present.     Spleen  and  liver  not  palpable. 

30.J.14. — 3  p.m.  Feels  ill  to-day.  Temperature  100,  pulse  100. 
Spleen  palpable  at  costal   margin.      Blood  :    Tertian   parasites.      Quinine. 

1. 6. 14. — Temperature  99'8,  pulse  99.  Jaundice  very  slight.  Tongue 
clean.      Spleen   palpable.      Urine:    Albumin  =  lessening  opacity. 

Patient  left  the  town  without  reporting  himself  again. 

Diagnosis  :  Yellow  Fever. 


Medical  Bepartrneftt,  GoJd  Coast  Q)lomr. 


Clinical  Chart  of  Temperature 
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Case    S4. 

THE    CASE    OE    BATIA    GRUNSHl. 

j.6.14. — Batia  Grunshi,  male,  26,  Grunshi,  police  constable.  States 
he  had  "  fever  in  bush.  Came  back  tl\-e  days  ago.  Yesterday  pain  all 
over."  Temperature  ioi'6,  pulse  96.  Headache.  Tongue  flabby, 
coated,  and  indented.  Tenderness  over  liver.  Liver  and  spleen  not  pal- 
pable.     Urine  :    Acid,    albumin  =  marked   opacity.      Blood  :    No   parasites. 

I^     Phenacetin  Compound  gr.  x.      Diaphoretic  mixture. 
6.6.14. — Temperature     100,     pulse     99.      Urine     dark     brown,     acid, 
albumin  =  marked  opacity.      Bile  salts  present  (Hay's  test). 

2  p.m.  Temperature  100,  pulse  77.  Tenderness  over  liver.  Blood  : 
X()  parasites. 

J. 6. 1 4. — Temperature  100,  pulse  99.  Persistent  pain  over  right  lobe 
of  liver.  No  enlargement  of  liver  or  spleen.  Dulness  and  impaired 
breath  over  lower  lobe  of  right  lung.  No  adventitious  sounds.  Urine  : 
Dark,  turbid,  trace  of  albumin,  no  bile  or  bile  salts.  Blood  :  No 
])arasites.      Stool  :    RhaMo/ieina. 

2.30  p.m.  Temperature  io2'6.  pulse  92.  Slight  headache.  Urine  : 
Clear,    arid,  albumin    a  trace.      No  bile.   &c. 

8.6.14. — 7.55  a.m.  Temperature  xoi.  pulse  99.  Urine:  Albumin  = 
opacitv. 

3  p.m.      Temperature    100.  imise   99. 

().6.14. — 7  a.m.  Temjjerature  100,  pulse  98.  Urine  :  Dark,  clear, 
acid,  albumin  =  dense  opacity. 

4  p.m.      Temperature  99'9.  pulse  98. 

10.6.14. — Morning,    temperature   99'6  ;    evening,    temperature   98'6. 

1 1. 6. 1 4. — Morning,  temperature  98'8.  Very  harsh,  almost  tubular 
l)reathing  over   right   base,     albumin  =opacity.      Discharged. 

1^.6.14. — Temperature  98.  ])ulse  76.  Urint^  free  from  albumin. 
Chest  has  cleared  up. 
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Case    go. 

TH1-:  c:ask  op^  tetteh. 

11.6.14. — -Tetteh,  male,  Alduna,  from  Jellerkophe.  "  Fever  five 
days,  all  the  time."  Eyes  injected.  Pain  in  right  eye.  Temperature 
103°  F.,  pulse  100.  Urine:  Clear,  acid,  albumin  =  marked  opacity.  No 
parasites. 

4.5  p.m.  Temperature  io3'6°  F.,  pulse  80.  Sudden  profuse  sweat. 
Xo  parasites. 

12.6.14. — 6.40  a.m.  Temperature  103,  pulse  lol.  Urine:  Albumin 
=  marked  opacity. 

10  a.m.     Temperature  io2'9°  F. 

12.30  p.m.     Temperature   io3'2,  pulse  88.     Blood:  No  parasites. 

4  p.m.      Temperature  i04'2,  pulse  120.      Pain  in  loins. 

IJ.6.14. — 6.55  a.m.     Temperature  loi,  pulse  99. 

11.30  a.m.      Temperature   io3'2,   pulse   100.     Fainted. 

Stool  :  Ascaris  I.  and  Triclioccplialus  Ir.  Blood  :  No  parasites.  Two 
Seidelin  bodies. 

4  p.m.  Temperature  104°  F..  pulse  99.  Blood  :  No  parasites. 
Pain  in  back  and  "  sore  throat." 

8  p.m.      Temperature   103' 2°  F..   pulse  88. 
14.6.14. — 7  a.m.       Temperature   103,   puls<-  98. 

9  a.m.      Urine:   Albumin  =  faint   opacity. 

12.15  ''^•111.  Tem])erature  io3'2,  pulse  83-86.  Spleen  enlarged.  Some 
fulness  of  al)domen.      Blood  :     No  parasites. 

4  p.m.     Temperature  i03'6°F.,   pulse  88.      Pain  in  eyes. 

6  p.m.      Temperature   io3'6°  F.,   pul.se  85.      Blood  :    No  parasites. 

1=1.6.14. — 7   'T-'ii-      Temperature    io2'6.    pulse   89. 

8  a.m.      Urine:    Acid,   albumin  =  transparent  opacity. 

10  a.m.      Temperature  102,   pulse  91. 

4.30   p.m.      Temperature    104,    pulse  89.      Uough.      Spleen   palpable. 
16.6.14. — 7  ^-i^-      Temperature   100°  F\.   pulse  82. 
8.55  a.m.      Urine:    Albumin  =  slight  opacity. 
12  a.m.      Temperature  i02'6.   pulse  82. 

6  p.m.      Temperature   io2'6.   pulse  84.     Toughing  frequently. 
ij.6.14. — Temperature   io2'6,   ])ulse  81.      Urine:    .Albumin   a  trace. 

.     4   p.m.      Temperature    1032°  I'.,    pulse  82. 

7  p.m.      Temperature   105,   pulse   104.      Sweating. 

18.6.14. — 8  '"i-m  Temperature  ioi"6,  pulse  82.  Urine,  trace 
albumin. 

2.30  p.m.      Temperature   103.   pulse  67.      Urine,   trace  albumin. 

7  p.m.      Temperature    102,   pulse  80.      Stool  after  four  days. 
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ig.6.i4- — 7  a.m.  Temperature  99'6,  pulse  60.  Urine,  trace 
albumin. 

II    a.m.      Temperature   ioi'4°  V .,   pulse  84. 

6  p.m.      Temperature   ioi'6,   pulse  60.      Sweating. 

20.6.14. — Temperature  98'4.  pulse  74.  Urine:  Albumin — a  very 
faint  trace. 

7  p.m.      Temperature  99'^,  pulse  82. 

21.6.14 — Morning,  temperature  98'4.  pulse  75.  Evening,  temperature 
98'2,  pulse  76. 

22.6.14. — Morning.  temi)erature  98^4.  ])ulse  78.  Evening,  tem- 
perature 99'4,  pulse  64.      Discharged. 
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Case    g6 

THE    CASE   OF   LAURENCE    NETAKO. 

ij.6.14. — Laurence  Xetako,  male,  22,  Alduna,  clerk.  "  On  the  12th, 
pain  in  the  left  of  chest.  Coughing  since  then.  That  day  also  strong 
fever,  rigors  during  night.  Next  day  spat  blood  after  coughing.  Has 
improved  since  then.      Gonorrhoea  six  months  ago." 

On  admission  :  Pain  left  side.  Impaired  breath — sounds  over  left 
lung,  no  adventitious  sounds.  Blood:  Xo  parasites.  "  Seidelin  bodies" 
found. 

3  p.m  Temperature  ioo'6,  pulse  99.  Coughing.  L^rine  :  Strongly 
acid,  contains  gonorrhoeal  threads,  albumin  ^-. 

16.6.14. — Temperature  ioo'3,  jjulse  96.  Coughing.  Rales  and 
rhonchi  over  left  base.  Urine:  Albumin  ^V  •  Blood:  No  parasites. 
"  Seidelin  bodies  "   found. 

1  J.O.I 4. — Temperature  100.  pulse  99.  Urine  albuminous,  opacity 
on  boiling.  Pulmonarv  svmptoms  more  pronounced.  Stool  :  TricJio- 
cc-pliahis  tr.      Blood  :    No  parasites. 

20.6.14. — Temperature  98'9,  pulse  86.  Slight  lironchitic  cough.  No 
pain.      Urine:  A  trace  of  albumin. 

22.6.14. — -Temperature  98'8.    i)ulse   84.      Urine  :    Albuminous. 

2 J. 6. 14. — Urine:    Albumin    .}j^ 

24.6.14. — Temperature  99.  pulse  86.  Urine:  Small  deposit  of 
albumin. 

2=;. 6. 1 4. — Temperature   99'4.    pulse   89.      Urine  :  All )umin  =  opacity. 

26.6.14. — Temperature  98'4.   i)ulse  88.      Urine:   Albumin  ,,V- 

14. J. 14. — Temperature  normal.      Urine:   Albumiri  nil. 
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Case     g8. 


THE  CASE  OF   KOFI. 


1J.6.14. — Kofi,  male,  26,  Atsim,  police  constable.  Taken  ill  sud- 
denly with  rigor,  pains  in  loins  and  violent  headache.  His  temperature 
at  II  p.m.   was  99,  pulse  102.     Hot  fomentation. 

On  admission  :  Temperature  1028,  pulse  85.  Urine :  Compound 
protein,   no  albumin .      Blood  :    No  parasites.      Stool  :    Ascaris  I. 

4  p.m.      Temperature    103,    pulse   92.      Urine:    Trace  of  albumin. 

5  p.m.  Temperature  1026,  pulse  83,  regular,  compressible.  Con- 
junctivge  strongly  injected.  Tongue  pointed,  slightly  coated  on  dorsum. 
All   day  there  has  been  strong  frontal  headache  and  pains  in  loins. 

7  p.m.      Temperature  102,  pulse  84. 

18.0.14. — Temperature  988,  pulse  74.  Urine:  Trace  of  albumin. 
Pain  in  loins  and  stomach.  Tenderness  over  epigastrium  No  headache. 
Blood  :   No  parasities.      ?  "  Seidelin  bodies." 

2.30  i).m.  Temperature  99'4,  i)ulse  73.  very  regular.  Urine:  Trace 
of   albumin.      Blood  :   No  parasites. 

7  p.m.      Temperature  99,  pulse  63. 

ig.6.14. — 7  a.m.  Temperature  98'2,  ])ulse  63.  The  eyes  have  a 
slight  irteric  tint.      Urine  :   Trace  of  albumin. 

I  r   a.m.      Temperature  98'2.    pulse   64. 

6  p.m.      Temperature  98'2,    pulse  68. 
20.6.14. — Temperature  98'4,  pulse   75. 
4  p.m.      Temperature    98,   pulse    62. 

disappeared. 

27.6.14. — Morning,  temperature  98.  pulse  74 
98,   ])ulse  56.      Urine  :   No  albumin. 

22.6.14. — Morning,  temperature  98'2.  pulse  59.     Urine:  No  albumin 

2:;. 6. 1 4. — Temperature   984,    pulse   64.      Urine:    No   albumin. 

24.6.14. — Temperature    98^8.     pulse     64.       Urine:     Faint    trace 
all)umin. 

2^.6.14. — Temperature  9S'8.    pulse   70.      Urine:    No  albumin. 

26.6.14. — Temperature  984.   pulse   78.     Urine:   No  albumin. 

2J.6.14. — Temperature  98,  pulse  76.     Urine:   No  albumin. 


.Urine:    No   albumin. 
Icterus  of  sclerse  has  almost 
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Case     1 01. 

THE  CASE  OE  GRAX  TAMAKLU. 

22.6.14. — Gran  Tamaklu,  female,  17,  Alduna.  States  she  has  had 
fever  and  headache  three  days,  with  cunstipation.  Temperature  io2'6, 
pulse  120.  Urine:  No  allmmin.  l^luod  :  Xo  parasites.  Mist.  alb.  and 
calomel  gr.   iii. 

2J.6.14. — II  a.m.  Temijerature  lOi'S.  Headache.  Bowels  have 
moved  freely.  Urine:  Trace  of  albumin.  Blood:  Xo  parasites,  no  pig- 
ment.     ?  "  Seidelin  bodies."      Phenacetin  Compound  gr.    x. 

24.6.14. — Temperature  io2'8,  pulse  118.  Headache.  Urine:  Trace 
albumin,  and  small  deposit  of  epithelial  debris.  Blood  :  No  parasites, 
?  "  Seidelin  bodies."     Admitted  to  hospital. 

2^.6.14. — Temperature   io2'2,   pulse  90.      Urine:   Trace  of  albumin, 

II  a.m.  Temperature  102,  pulse  104.  Slight  headache.  Blood: 
Malarial  parasites  (?  species)  very  scarce.  One  "  Seidelin  body  "  found 
after  f  hour. 

T^  p.m.  Temperature  io3'4.  pulse  104.  Xo  headache.  Urine: 
Turbid,    deposit  on  centrif uging  :   epithelial   dei)ris  and  clumps  of  bacilli. 

5  p.m.      Temperature  i03'2,   pulse   104. 
6.30  p.m.      Temperature  102" 2.   pulse   102 

26.6.14. — Temperature  102,  pulse  92.  '  Urine:  Trace  of  albumin. 
Blood  :   X'o  parasites. 

3.40  p.m.      Temperature   io3'8,   pulse  100. 
5.30  p.m.      Temperature   io3'2,  pulse  102. 
2 J. 6. 1 4. — Temperature   102,   pulse   102. 
3.30  p.m.      Temperature  103^4,  pulse  112. 

6  p.m.      Temperature  lo3'2,   ])ulse   104.      Slight  headache. 

Vox  further  temperature  see  chart.  Albuminuria  continued  up  to 
July   14,    when  urine  was  found  free  from  albumin. 
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